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SECTION  1 
INTRODUCTION 


Predictions  of  turbulent  skin  friction  and  heat  transfer  phenomena  require 
accurate  solutions  to  the  "time  averaged"  equations  of  boundary  layer  flow. 
These  equations,  however,  contain  higher  order  turbulence  terms,  i.e.,  the 
turbulent  transport  properties,  which  cannot  be  derived  from  first  principles. 
While  recent  advances  in  computational  techniques  make  possible  rapid  cal- 
culation of  compressible  turbulent  flows,  the  various  calculation  schemes 
lack  appropriate  models  for  the  transport  terms.  There  is,  in  fact,  an 
acute  need  for  direct  measurement  of  the  turbulent  fluctuations  and  of  their 
higher  moments  to  serve  as  a basis  for  such  turbulence  "modeling." 

At  supersonic  speeds,  compressible  turbulence  is  distributed  among  various 
"modes"  including  pressure,  temperature  and  velocity  fluctuations.  While 
the  available  data  base  is  restricted  in  scope,  it  does  indicate  that 
(1)  the  temperature  (density)  fluctuations  become  significant  at  high  speeds 
and  are  sensitive  to  the  wall  temperature,  (2)  these  same  fluctuations  are 
important,  and  perhaps  even  dominant,  in  the  turbulent  transfer  process  and 
thus  are  central  to  proper  turbulence  modeling,  and  (3)  as  a consequence, 
the  cross-correlations,  i.e.,  the  Reynolds  stress  terms,  may  also  be  sen- 
sitive to  the  wall  heat  transfer.  Based  on  present  knowledge,  estimating 
the  influence  of  wall  cooling  on  the  turbulent  fluctuations  at  any  flow 
speed  is  possible  over  only  a limited  range  of  conditions.  Consequently, 
the  present  task  was  undertaken  to  more  clearly  delineate  the  effect  of 
wall  temperature  on  the  turbulence  structure  of  the  compressible  supersonic 
boundary  layers.  Experiments  were  carried  out  in  the  flow  over  a zero 
pressure  gradient  flat  plate  at  a fixed  Mach  number  of  3.0  for  wall  temper- 
atures Tw/Toe  = .94  (adiabatic  case),  .714  and  .54. 

This  report  documents  the  results  of  the  first  phase  of  the  program  which  was 
directed  toward  detailing  the  mean  flow  profiles  of  the  boundary  layer  at 
several  selected  streamwise  stations  for  each  wall  condition  indicated  above. 
Such  measurements  are  required  to  demonstrate  the  two-dimensional,  fully 
equilibrated  nature  of  the  flow  and  are  needed  to  calculate  the  sensitivity 
coefficients  of  the  hot  wires  used  in  subsequent  measurements  of  the  flow 
fluctuations.  A report  describing  the  results  of  the  fluctuation  measure- 
ments is  forthcoming. 

A description  of  the  test  hardware  and  instrumentation  is  presented  in 
Section  2 of  this  report  while  Section  3 discusses  the  results  of  the  mean 
flow  measurements.  In  particular.  Section  3 describes  the  mean  flow  profiles, 
includes  an  assessment  of  the  measured  total  temperature-velocity  profiles, 
presents  the  results  of  skin  friction  calculations  and  a comparison  with  the 
Law- of- the- Wake  velocity  correlation.  Finally,  it  provides  the  distribution 
of  turbulent  shear  stress,  edd-viscosity,  and  mixing  length  as  deduced  from 
the  "time  averaged"  boundary  layer  equations  using  the  known  experimental 
mean  flow  profiles.  A summary  of  the  experimental  findings  is  presented  in 
Section  4. 
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SECTION  2 
THE  EXPERIMENT 

2.1  FLAT  PLATE  DESIGN 

The  model  consisted  of  a 7.62  cm  wide,  66.04  cm  long  2024  grade  aluminum  plate 
with  a 0.475  cm  thickness  and  a 5°  leading  edge.  When  installed,  the  plate 
spanned  the  test  section  completely,  with  its  top  surface  coincident  with  the 
(2-dimensional)  nozzle  centerplane,  and  its  leading  edge  located  10  cm  upstream 
of  and  its  trailing  edge  55.9  cm  downstream  of  the  nozzle  throat.  The  plate 
was  supported  by  a windshield  attached  to  the  lower  nozzle  block  and  by  a 
faired  strut  anchored  in  the  stagnation  chamber  ahead  of  the  throat.  On  the 
sides,  the  plate  pressed  against  the  glass  sidewalls  with  long  0-ring  seals, 
thus  avoiding  metal-glass  contacts  and  minimizing  lateral  heat  transfer.  A 
photograph  of  the  flat  plate  installed  in  the  wind  tunnel  is  shown  in  Figure  1. 
The  region  above  the  plate  was  unobstructed  except  for  diagnostic  probes  sus- 
pended through  the  upper  nozzle  wall,  and  in  the  working  section  where  the 
experiment  was  performed.  The  region  under  the  plate  was  available  for  pro- 
trusions needed  for  cooling,  surface  sensors,  etc. 

Cooling  was  accomplished  using  liquid  nitrogen  supplied  to  four  loops  of  0.5 
cm  diameter  aluminum  tubing  epoxied  on  the  plate  underside  in  pairs,  as  shown 
in  Figure  2.  The  eight  ends  of  these  tubes  (4  inlets  and  4 outlets)  extend 
beyond  the  plate  trailing  edge;  the  inlets  continue  into  the  diffuser  section 
where  they  exit  through  the  tunnel  wall  and  connect  to  the  LN2  supply.  The 
outlets  discharge  the  spent  coolant  into  the  diffuser  section;  because  the 
tunnel  is  an  open  circuit  facility,  the  test  air  stream  was  not  contaminated 
by  nitrogen. 

2.2  INSTRUMENTATION 
2.2.1  SURFACE  DIAGNOSTICS 

As  shown  in  Figure  2 and  listed  in  Table  1,  the  plate  was  instrumented  with 
9 static  pressure  topes  (P1-P9)  and  14  iron  constantan  thermocouples  (T1-T14) 
to  monitor  the  streamwise  and  spanwise  uniformity  of  surface  properties.  The 
pressure  tubes  are  0.081  cm  in  diameter  with  a 0.05  cm  diameter  opening;  the 
thermocouples,  comprised  of  a twisted  pair  of  0.025  cm  diameter  wires,  were 
epoxied  in  place  in  holes  drilled  through  the  plate.  Both  types  of  sensors 
were  located  flush  with  the  upper  surface  of  the  model.  The  pressure  taps 
were  connected  through  a sampling  valve  to  a 15  psi  Dynesco  pressure  transducer 
with  a sensitivity  of  approximately  0.05  mv/mmHg.  Typical  measurements  of 
surface  pressure  are  shown  in  Figure  3,  which  includes  also  the  static  pressure 
calculated  from  the  tunnel  stagnation  pressure,  PQ,  and  the  measured  freestream 
pitot  pressure  Ptos.  Since  the  level  of  surface  pressure  corresponds  to  only 
37o  of  the  maximum  range  of  the  transducer,  the  agreement  between  measurement 
and  calculation  is  considered  good.  The  pressure  taps  were  used  primarily  to 
monitor  the  flow  and  insure  the  absence  of  non-uniformities,  and  the  static 
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pressure  used  in  the  data  reduction  was  calculated  as  indicated  above.  The 
surface  thermocouples  were  connected  to  a Newport  digital  pyrometer.  During 
the  experiments,  the  output  from  surface  thermocouple  numbers  7,8,  or  9 was 
plotted  on  a Mosely  X-Y  recorder  to  provide  a continuous  record  of  the  temper- 
ature of  the  plate. 

Typical  surface  temperature  distributions  for  each  of  the  three  temperature 
levels  used  in  this  study  are  shown  in  Figure  4.  This  plot  indicates  the 
uniformity  of  the  wall  temperature,  in  both  the  streamwise  and  spanvise 
directions,  within  the  survey  region.  The  single  low  temperature  recorded 
at  the  16-inch  station,  for  a nominal  wall  temperature  of  172°K,  is  the  output 
from  thermocouple  number  12  located  2.03  cm  from  the  plate  centerline  where 
the  surveys  were  conducted.  It  is  sufficiently  displaced  from  the  region  of 
interest  to  have  had  negligible  effect  on  the  measurements.  In  all  cases  the 
region  of  uniform  temperature  started  at  x = 20  cm  or  about  20  boundary  layer 
thicknesses  upstream  of  the  first  survey  station. 

It  was  originally  feared  that  condensation  of  water  vapor  at  low  temperature 
would  form  a layer  of  frost  or  ice  on  the  plate  which  could  interfere  with 
the  measurements.  The  silica-gel  drier  of  the  tunnel  provides  a 236°K  dew- 
point at  the  inlet,  which  for  a Mach  3 expansion  corresponds  to  a condensation 
temperature  of  203°K  in  the  test  section.  Thus  the  mixture  in  the  test 
section  is  actually  supersaturated,  although  condensation  only  occurs  in  the 
presence  of  a cold  surface.  During  the  experiments,  a very  fine  frost  layer 
appeared  on  the  plate  at  Tw  ~ 210°K  and  completely  covered  it  at  Tw  = 170°K. 

A microscopic  view  of  this  layer,  made  with  the  tunnel  running,  showed  it  to 
consist  of  mil-size  particles  which  are,  of  course,  very  much  smaller  than 
the  boundary  layer  thickness  and  the  sublayer  thickness.  Tests  also  showed 
that  the  pressure  taps  operated  properly  with  the  frost  present.  A test  was 
also  carried  out  to  demonstrate  that  the  ice  formation  did  not  cause  any 
abrupt  changes  in  the  flow  characteristics.  A thin  film  probe  acting  as  a 
thermometer  (operated  at  low  current)  was  located  at  about  y = 0.075  cm  and 
its  equilibrium  temperature  was  monitored  as  Tw  was  decreased  from  300°K 
through  frost  formation  to  about  170°K.  The  result  is  shown  in  Figure  5 where 
it  is  seen  that  the  sensor  temperature  decreases  smoothly  through  the  frost 
point,  evidence  that  the  flow  itself  is  not  discontinuously  affected  by  the 
formation  of  ice. 

2.2.2  MEAN  FLOW  PROBES 

The  mean  flow  probes,  either  a pitot  pressure  tube  or  a total  temperature 
thermocouple,  were  mounted  in  a two-degree  of  freedom  actuator,  extending 
through  the  tunnel  ceiling,  which  permitted  motion  in  the  horizontal  (stream- 
wise)  and  vertical  directions.  The  pitot  probe  consisted  of  a 0.010  cm  od 
tube  which  gradually  tapered  at  its  tip  to  a 0.005  cm  diameter  opening.  A 
miniaturized  Kulite  pressure  transducer,  Model  VQH-250-10,  was  mounted  within 
the  actuator  thereby  drastically  reducing  the  response  time  of  the  probe.  The 
transducer  sensitivity  of  approximately  11.0  mmHg/mv  was  checked  by  calibration 
prior  to  each  run.  An  X-Y  plotter  record  of  a typical  pitot  pressure  survey  is 
shown  in  Figure  6.  The  profile  is  similar  to  those  obtained  for  all  test 
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conditions  and  in  characteristic  of  a fully  turbulent  boundary  layer.  (Note 
that  the  indicated  height  above  the  surface,  y,  requires  a small  zero  correction 
to  account  for  the  true  location  of  the  wall.) 


In  order  to  document  the  sublayer,  it  was  necessary  to  probe  in  detail  within 
.05  cm  of  the  wall.  Although  probe  corrections  were  found  to  be  negligible 
through  the  boundary  layer,  interference  effects  caused  by  the  proximity  of 
the  wall  were  apparent  for  y < 0.015  cm.  This  was  verified  by  measurements 
made  with  a larger  pitot  probe,  comprised  of  a 0.051  cm  od  x 0.0406  cm  id  tube, 
flattened  at  its  tip  to  a height  of  0.018  cm.  Typical  pitot  pressure  measure- 
ments with  both  probes  are  shown  in  Figure  7 where  it  is  seen  the  interference 
effects  become  evident  when  y s 1,5  times  the  probe  height. 

Total  temperature  measurements  were  made  with  a Ch-Al  bare  wire  thermocouple, 
with  its  0.0038  cm  diameter  wires  welded  to  form  a 0.0127  cm  diameter  sphere. 
Measurements  were  initially  made  with  a shielded  thermocouple  but,  because  of 
interference  effects  near  the  wall,  this  probe  was  discarded  in  favor  of  the 
bare  wire  thermocouple.  The  probe  was  calibrated  in  the  wind  tunnel  free- 
stream  and  the  recovery  factor  plotted  against  Reynolds  number,  based  on  total 
temperature  and  sphere  diameter,  is  shown  in  Figure  8.  The  recovery  factor  in 
Figure  8 is  defined  as  (Tmeas“Ty(T0-T)  and  therefore  accounts  for  the  effects 
of  local  Mach  number. 

A typical  record  of  the  measured,  or  recovery,  temperature  for  the  adiabatic 
wall  condition,  together  with  the  computed  total  temperature  profile,  is  shown 
in  Figure  9.  Included  as  an  insert  in  Figure  9 is  the  sublayer  region  plotted 
with  an  expanded  scale.  The  zero  slope  of  the  T0  profile  near  the  wall  and  the 
overshoot  near  the  outer  edge  of  the  boundary  layer  are  characteristic  of  the 
adiabatic  wall  condition  for  non-unity  Prandtl  number.  Typical  recovery 
temperature  profiles  for  Tw  = 170°K  are  shown  in  Figure  10.  The  viscous  sub- 
layer is  readily  apparent  and  approximately  0.04  - 0.05  cm  thick  and  experiences 
about  one-half  the  change  in  total  temperature  across  the  boundary  layer. 

The  mean  flow  profiles  were  obtained  by  feeding  the  probe  output  and  a voltage 
signal  from  the  probe  actuator,  which  was  proportional  to  the  y position,  to 
a pair  of  digital  voltmeters.  The  DVM  readings,  in  turn,  were  output  to  a 
paper  printer  that  could  be  actuated  manually  or  triggered  by  the  actuator 
signal.  A block  diagram  of  the  instrumentation  is  shown  in  Figure  11.  The 
probe  signal  was  allowed  to  equilibrate  before  data  was  recorded.  The  re- 
solution of  the  DVMs  was  0.01  mv,  corresponding  to  a 0.1  mmHg  or  0.5°C  re- 
solution for  the  pitot  pressure  and  total  temperature  probes,  respectively, 
and  to  0.0001  cm  for  the  probe  position.  The  probe  tip  was  viewed  with  a 
10  power  microscope  and  the  wall  location  was  determined  from  the  actuator 
reading  when  the  probe  contacted  the  surface;  in  this  manner  the  wall  or 
y = 0 position  could  be  determined  with  an  accuracy  of  less  than  0.0025  cm. 

The  tunnel  stagnation  pressure  was  measured  with  a 0-800  mmHg  Heise  pressure 
gauge  with  a least  count  of  1 mmHg  and  stagnation  temperature  was  sensed  by  a 
Precision  digital  temperature  indicator  which  read  directly  in  degrees 
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Farenheit  with  a resolution  of  1°F  (0.6°K).  Mean  flow  properties  were  cal- 
culated by  means  of  standard  gas  dynamic  equations  using  an  iterative  procedure 
to  account  for  the  calibrated  recovery  factor  characteristics  of  the  TQ  probe. 

The  data  reduction  procedure  was  programmed  for  the  Honeywell  6000  digital 
computer. 

2.3  PRELIMINARY  FLOW  FIELD  SURVEYS 

Prior  to  the  final  measurements,  several  tests  were  carried  out  to  judge  the 
quality  of  the  flow  above  the  plate  and  to  demonstrate  the  repeatability  and 
two-dimensionality  of  the  boundary  layer.  Extensive  Spark-Schlieren  studies 
were  carried  out  for  tunnel  pressures  ranging  from  1/3  to  1.0  atm.  Figure  12 
shows  typical  Schlieren  records  of  the  flow  over  the  plate  at  .973  x lO^N/M^ 

(730  mmHg).  Each  photograph  is  a mosaic  composed  of  frames  obtained  from  the 
nozzle  throat  region  to  beyond  the  plate  trailing  edge.  They  were  obtained 
with  a knife  edge  parallel  to  the  flow  so  that  when  the  density  increases 
going  up,  the  flow  region  appears  light  and  vice  versa.  Figure  12b  interprets 
the  major  features  of  the  Schlieren  photograph.  These  records  show  a very 
smooth,  uniform  flow,  as  can  be  judged  by  observing  "calibration"  shocks  intro- 
duced deliberately  at  two  points. 

Pitot  surveys  of  the  boundary  layer  were  made  to  uetermine  the  two-dimensionality 
and  repeatability  of  the  flow  and  to  gain  an  idea  of  the  overall  flow  quality. 

The  region  surveyed  extended  from  x • 25  to  x * 48  cm  from  the  nozzle  throat, 
from  0 < y < 1.65  cm  above  the  plate,  and  from  1.65  cm  < z < +1.65  cm.  The 
survey  thus  covered  approximately  half  the  plate  length,  half  the  span,  and 
half  the  height  from  the  plate  surface  to  the  tunnel  ceiling. 

Figure  13  shows  several  vertical  traverses  of  pitot  pressure  at  fixed 
x(=48.8  cm)  for  z = 0,  ± 0.76  cm,  and  z = ± 1.65  cm.  It  is  seen  that  the  pro- 
files are  (1)  nearly  identical,  attesting  to  the  two-dimensionality  of  the  flow, 
(2)  typically  turbulent,  and  (3)  show  that  the  freestream  is  quite  uniform, 
verifying  the  Schlieren  records.  Figure  14  shows  continuous  traverses  taken 
again  at  fixed  x and  along  the  z axis  for  various  values  of  y.  Again,  the 
two-dimensionality  of  the  flow  is  apparent  and  it  is  noted  that  there  are  no 
shocks  or  other  wavelets  evident  in  the  surveyed  volume.  This  implies  that 
there  are  no  discontinuities,  leaks,  throat  waves  or  other  localized  dis- 
turbance sources  in  the  flow. 

2.4  TEST  MATRIX 

The  matrix  of  final  test  conditions  is  shown  in  Table  II  which  lists  the  three 
streamwise  stations  and  three  wall  temperatures  for  which  data  surveys  were 
conducted  and  indicates  the  type  of  survey.  In  all  cases  the  tunnel  was 
operated  at  PQ  = .973  x 10^  N/M2  (730  mmHg)  and  T0  = 318°K  corresponding  to 
nominal  Mo,  = 3 and  unit  Reynolds  number  = 6.57  x 10^/meter.  Mean  flow  measure- 
ments were  made  at  all  three  x locations  in  order  to  document  the  streamwise 
progress  of  the  turbulent  flow. 
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SECTION  3 

MEAN  FLOW  MEASUREMENTS 


3.1  MEAN  FLOW  PROPERTIES 

The  mean  flow  profiles  for  the  three  axial  stations  and  three  wall  temper- 
atures indicated  in  Table  2 are  presented  in  Table  3.  The  integral  properties 
6*  and  9,  together  with  the  static  pressure  (assumed  constant  across  the 
boundary  layer)  and  the  edge  values  of  mass  and  momentum  flux  (used  later  in 
shear  stress  calculations)  are  listed  in  Table  4.  The  pitot  pressure  variation 
in  the  freestream  was  found  to  be  uniforn  (constant  with  y)  or  showed  a small 
linear  increase  with  increasing  y.  The  boundary  layer  thickness  6,  was  de- 
fined as  that  point  where  the  pitot  pressure  profile  within  the  layer  merged 
with  the  straight  line  representing  the  distribution  of  pitot  pressure  in  the 
freestream.  On  this  basis  6 was  found  to  range  from  0.75  to  1.0  cm  (depending 
on  x and  Tw) . The  corresponding  Reg  ranged  from  3200  to  4400. 

The  velocity  profiles  for  the  three  survey  stations  are  plotted  in  Figures  15 
to  17  for  wall  temperatures  Tw/Toe  of  .94,  .71  and  .54,  respectively.  In 
each  case,  the  figure  includes  for  comparison,  the  one-seventh  power  law 
profile  commonly  used  to  characterize  turbulent  boundary  layers.  The  agree- 
ment between  the  data  and  the  power  law  expression  is  close  and  indicates  the 
utility  of  the  latter  as  a simple  approximation  to  the  turbulent  velocity 
profile.  The  data  also  indicate  that  the  sublayer  thickness  is  approximately 
.056,  corresponding  to  0.04  to  0.05  cm,  regardless  of  the  test  parameters. 

In  addition,  for  each  wall  temperature  condition  the  velocity  profiles  are 
apparently  independent  of  x position,  although  in  view  of  the  relatively  short 
interval  between  survey  stations  (Ax/6  ~ 5)  the  agreement  is  not  a conclusive 
test  of  self-similarity.  However,  results  described  later  in  this  section 
confirm  the  maturity  of  the  boundary  layer  flow  and  establish  that  self- 
similarity is  indeed  a reasonable  assumption.  Figure  18,  which  is  a plot  of 
u/ue  versus  y/6  at  the  mid-survey  station,  x = 38.79  cm  for  each  surface 
condition  shows  that  the  velocity  profiles  are  independent  of  wall  tempera- 
ture as  well  as  x station. 

The  total  temperature  profiles,  TQ/Toe  versus  y/6,  are  plotted  in  Figures  19 
to  21  for  wall  temperature  ratios  of  .94,  .71  and  .54,  respectively.  Each 
figure  includes  data  from  the  three  survey  stations  and,  similar  to  the 
velocity  measurements,  shows  that  the  T0  profiles  are  independent  of  stream- 
wise  station.  The  data  shows  clearly  the  T0  overshoot  expected  for  non- 
unity Prandtl  number  flows  and  that  the  overshoot  vanishes  as  the  wall  tem- 
perature is  reduced.  In  addition,  the  TQ  profiles  show  that  the  thickness  of 
the  thermal  boundary  layer  coincides  with  the  values  of  6 defined  above  on 
the  basis  of  the  pitot  pressure.  The  T0  profiles,  particularly  for  the 
adiabatic  measurements,  also  confirm  that  the  sublayer  thickness  is  about 
0.05  y/6.  The  effect  of  wall  temperature  on  the  total  temperature  profile 
is  demonstrated  in  Figure  22  where  T0/TQe  versus  y/6  at  the  mid-survey  station 
has  been  plotted  for  each  wall  condition.  It  is  of  interest  to  note,  es- 
pecially for  the  non-adiabatic  cases,  that  approximately  one-half  the  change 
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in  XQ  occurs  across  the  viscous  sublayer. 

3.2  T VERSUS  u/ug  PROFILES 

While  the  velocity  and  total  temperature  profiles  presented  in  Figures  15  to 
22  indicate  that  the  boundary  layer  is  well  behaved  and  characteristic  of 
fully  turbulent  flow,  a better  insight  to  the  turbulent  structure  is  provided 
by  plotting  T versus  u/ue.  It  has  become  common  practice  to  compare  experi- 
mental profiles  to  the  linear  Crocco  relation  T = u/ue.  The  Crocco  relation, 
however,  is  restricted  to  unity  Prandtl  number,  an  assumption  made  to  eliminate 
the  turbulent  shear  stress  terms  from  the  energy  equation.  As  a result,  the 
simple  Crocco  expression  cannot  predict  the  total  temperature  overshoot  in 
adiabatic,  non-unity  Prandtl  number  flows  that  has  been  observed  in  numerous 
expe-'  ’mental  investigations  and  confirmed  by  the  numerical  analysis  of 
Van  r *st.^ 

It  has  3„en  further  observed  experimentally  that  the  T - u/ue  profiles  for 
boundary  layers  growing  over  aerodynamic  models  (flat  plates,  cones)  differs 
from  those  on  nozzle  walls  (see,  for  example,  the  data  review  in  Reference  2 
as  well  as  the  results  of  References  3 and  4.)  The  latter  conform  more 
closely  to  the  Walz  ^ quadratic  law  T = (u/ug)2  which  is  valid  for  Pr  < 1.0 
but  is  limited  to  zero  heat  transfer.  However,  the  Walz  relation  also  ignores 
the  turbulent  shear  stress  terms  in  the  energy  equation  and,  similar  to  the 
Crocco  expression  , is  unable  to  account  for  the  T overshoot  in  the  adiabatic 
case.  The  quadratic  behavior  has  been  attributed  by  several  investigators 
to  various  effects  associated  with  the  upstream  history  of  the  nozzle  ex- 
pansion which  tend  to  delay  the  attainment  of  an  equilibrium  boundary  layer 
structure . 

More  recently,  Meier,  et  al,®  and  Whitfield  and  High^  have  examined  the 
T - u/ug  relationship  for  non-unity  Prandtl  number  flows  by  including 
approximate  models  for  the  turbulent  shear  stress  distribution  across  the 
boundary  layer.  The  former  present  a numerical  analysis,  while  the  latter 
derive  an  analytic  solution  which  is  used  here  for  comparison  to  the  experi- 
mental data.  For  convenience,  the  solutions  of  Whitfield  and  High  are 
repeated: 
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where,  for  the  constant  wall  temperature  (cold  wall)  case: 
T/T.  = Tw/Tm  +(1+^M^  - TjTju/ue  - m*  (u/ue)' 
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while  for  the  adiabatic  case 
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where  f(u/ug)  is  the  same  as  for  the  cold  wall  case  but  now: 


5 = - (Y-l)M l (u/ue) 

A=  2 (Y-l)  M2  (1  + — j-  M^) 


To  evaluate  the  above  equations,  it  is  necessary  to  know  the  mixed  Prandtl 

number  Pr„.  Whitfield  and  High  examined  the  variation  of  Pr  , based  on  measured 
m m 

recovery  factors,  as  a function  of  Mach  number  and  indicate  that  Prm  is  about 

0.9  at  Mg,  = 3.  It  was  found  that  the  results  are  insensitive  to  small  vari- 
ations in  Prm  and  therefore  a value  of  0.88  was  selected  for  the  present 
calculations . 

Equation  3-1  evaluated  for  the  adiabatic  case  (i.e.,  with  Equation  3-3)  is 
shown  in  Figure  23  which  includes  the  Crocco  relation,  the  quadratic  expression 
and  the  experimental  results  for  the  three  survey  stations.  It  is  clear  that 
the  linear  Crocco  relation  is  a completely  inadequate  representation  of  the 
data  which  instead  is  in  good  accord  with  both  the  results  of  Whitfield  and 
High  and  the  trend  of  the  quadratic  law.  More  important  the  TQ  overshoot  cal- 
culated from  the  theory  confirms  the  experimental  observations.  The  "kink" 
in  the  profile  at  u/u£  = 0.6  corresponds  to  the  edge  of  the  sublayer  and  is 
similar  to  the  behavior  observed  by  other  investigators. 3>4,10 

The  results  for  the  cold  wall  cases  are  shown  in  Figures  24  and  25  for  Tw/Toe= 
0.71  and  0.54,  respectively,  where  again  both  figures  include  the  Crocco 
relation  and  the  data  for  the  three  survey  stations.  It  is  immediately  evident 
that  with  heat  transfer,  even  at  moderate  rates,  the  T - u/ug  profile  becomes 
nearly  linear  and  that  the  Crocco  relation  is  now  an  accurate  approximation 
of  the  data.  In  fact,  the  theory  of  Whitfield  and  High  indicates  that  the 
shift  to  a linear-like  behavior  occurs  quickly  as  the  wall  temperature  is 


9 


decreased  below  its  adiabatic  value 


The  present  results  show  that  the  T versus  u/ug  profiles  in  non-unity  Prandtl 
number  boundary  layer  flows  can  be  accurately  calculated  provided  the  turbu- 
lent shear  stresses  are  taken  into  account.  While  the  Crocco  relation  appears 
to  be  valid  for  finite  heat  transfer  rates,  it  is  not  an  appropriate  basis  of 
comparison  for  the  case  of  an  adiabatic  wall  when  Pr  < 1.0.  In  view  of  the 
agreement  between  the  data  and  the  Whitfield  and  High  theory,  it  is  suggested 
that  relaxation  effects  in  nozzle  wall  boundary  layers  may  be  less  important 
than  previously  considered. 

3.3  SKIN  FRICTION 

It  was  originally  intended  to  measure  skin  friction  using  a Preston  tube  and, 
provided  that  the  sublayer  could  be  probed  in  sufficient  detail,  from  the 
slope  of  the  experimentally  determined  velocity  profile.  However,  the  velocity 
profile  approached,  but  did  not  attain,  a linear  variation  near  the  wall,  so 
that  this  method  could  provide  only  a lower  bound  to  the  skin  friction  coeffi- 
cient. In  addition,  the  Preston  tube  measurements  indicated  cf  values  con- 
siderably higher  than  implied  by  the  trend  of  the  velocity  data.  (This  is 
apparently  a consequence  of  the  large  scatter  inherent  in  existing  Preston 
tube  correlations.) 

Consequently,  the  skin  friction  coefficient  was  calculated  using  two  approaches 
The  first  involved  the  correlation  of  Hopkins  and  Inouye^  and  the  second  is 
based  on  Coles  Law-of-the-Wake  correlation. 12  The  results  of  the  two  procedure 
are  in  good  agreement  with  each  other  and  with  the  trend  indicated  by  the 
velocity  profiles  and  are  therefore  considered  an  accurate  representation  of 
the  skin  friction. 

The  correlation  of  Hopkins  and  Inouye,  which  is  based  on  the  Karman-Schonherr 
incompressible  formula  for  Cf  and  utilizes  the  Van  Driest  velocity  transforma- 
tion, is  expressed  as: 


where 


1 2 

= 17.08  (LogloRe0)  + 25.11  Log^Reg  + 6.012 

"f 


lf  " Fccf»  % = FeRe0  and 

F = rm/(sin  ^ a + sin  * B)2 
c 


Fe  * ae\ 


rt  **  (2A2-B)/(4A2  + B2)^ 


(3-4) 
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0 = B/(4A2  + B2)^ 


r r 


A = (rm/F)^ 

B = (1  + rm  - F)/F 
F = Tw/Te 
m = 0.2  M2 


r = 0.9 


In  the  above  expression,  C£  and  Reg  are  the  compressible  values  of  skin 
friction  coefficient  and  Reynolds  number  based  on  momentum  thickness  and 
Cf  and  Reg  are  the  equivalent  or  transformed  incompressible  values. 

Coles  Law-of-the-Wake  can  be  expressed  as 


u+  = u*/uT  = 2.43  £n(y+)  + 5 + 2.43  rf  w(y/6) 


(3-5) 


where  y+  = yu  /vw>  u is  the  friction  velocity  (Tw/p  )%  n is  a parameter 
representing  the  strength  of  the  wake  component  of  the  boundary  layer,  W is 
the  Coles  tabulated  wake  function  which  is  approximated  by  2 sin2(rry/26)  and 
u*,  the  generalized  velocity  proposed  by  Van  Driestl3  to  account  for  the 
effects  of  compressibility  and  heat  transfer,  is  given  by: 


2K12(u/ufi)-K2 

(K2244K12)% 


Kj2  = m/F 

PC,  = (1  + m)/F  - 1 

where  m and  F have  been  defined  in  Equation  3-4. 

The  quantities  u ,6  and  W are  treated  as  unknown  constants  and  are  determined 
by  adjusting  their  values  until  the  velocity  data  fits  Equation  3-5  with  a 
minimum  rms  error.  Data  for  y + < 50  and  y > 0.96  are  excluded  from  the  curve 
fitting  process  since  the  former  are  in  or  near  the  viscous  sublayer  and  the 
latter  are  influenced  by  small  errors  in  the  velocity  measurements. 
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The  transformed  velocity  profile  for  a typical  case  is  shown  in  Figure  26. 

The  data  for  y + < 50  which  was  omitted  from  the  analysis  is  included  in  the 
plot  for  comparison  with  the  theoretical  sublayer  and  wall  region  profiles. 

The  agreement  between  the  universal  correlation  and  the  data  is  considered  good. 
Unce  the  parameters  uT,  6 and  W are  determined  the  measured  velocities  can  be 
used  to  calculate  the  variation  of  W through  the  boundary  layer.  A comparison 
of  the  calculated  values  of  W and  the  approximation  2 sin^(ny/26)  is  shown  in 
Figure  27  where  the  agreement  between  the  two  completely  justifies  the  use  of 
the  trigonometric  function  in  the  correlation  procedure. 

The  skin  friction  coefficients  calculated  from  the  method  of  Hopkins  and 
Inouye  were  consistently  10%  greater  than  those  deduced  from  the  Law-of-the- 
Wake  correlation.  However,  the  latter  also  resulted  in  values  of  ■S  about 
10%  smaller  than  those  defined  from  the  pitot  pressure  profiles.  This  is 
due  to  the  fact  that  the  velocity  approaches  its  freestream  value  slightly 
faster  than  the  other  properties  (density,  total  temperature,  etc.).  Since 
the  correlation  described  in  Equation  3-5  relies  only  on  the  transformed 
velocity,  the  equivalent  boundary  layer  thickness  can  be  expected  to  be  less 
than  6 based  on  the  experimental  observations.  In  fact,  the  value  of  6 found 
in  this  manner  can  be  considered  as  the  velocity  boundary  layer  thickness. 
Consequently,  the  Law-of-the-Wake  correlation  procedure  was  modified  by 
specifying  5 in  Equation  3-5  as  the  known  6 based  on  the  pitot  pressure  profile, 
and  the  curve  fit  process  carried  out  to  determine  only  Cf  and  tt.  The  skin 
friction  coefficients  found  by  the  modified  procedure  were  slightly  larger 
than  the  results  of  the  original  method  but  still  ranged  from  2 to  10%  less 
than  the  results  of  Hopkins  and  Inouye.  A summary  of  the  skin  friction  cal- 
culations is  given  in  Table  5.  It  is  noted  that  the  values  of  ft  range  from 
.57  to  .84  for  the  Law-of-the-Wake  correlation,  while  those  for  the  modified 
correlation  vary  from  .42  to  .72.  In  both  cases  Tf  is  close  to  the  value  0.6 
which  is  typical  of  flat  plate,  zero  pressure  gradient  boundary  layers. 

A plot  of  c^  versus  Reg,  using  the  results  of  the  Hopkins  and  Inouye  correla- 
tion and  showing  the  influence  of  wall  temperature,  is  shown  in  Figure  28. 

The  computed  skin  friction  coefficients  were  compared  with  the  data  by  con- 
verting Cf  to  du/dy)waj^  and  plotting  the  corresponding  linear  u versus  y 
relation.  Typical  results  at  the  mid-survey  station  (x  = 38.79  cm)  for  each 
wall  temperature  condition  are  shown  in  Figure  29  which  includes  also  the 
experimental  velocity  profile.  While  the  data  is  not  sufficient  to  accurately 
determine  du/dy)wan,  the  agreement  between  the  trend  indicated  by  the  ex- 
perimental velocity  distribution  and  the  results  of  Hopkins  and  Inouye  is 
encouraging. 

The  simple  Reynolds  Analogy  states  that: 

Ch  S <Jw/Peuecp<VTaw)  = V2  <3'6> 

since 

% ■ - 
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then 


PDu  c„(Tu-T,„) 
e e p w aw' 


dT 
dy  w 


so  that  it  was  possible  to  convert  the  calculated  skin  friction  coefficients 
c_  to  dT/dy)waj^  and  then  to  compute  the  corresponding  linear  temperature- 
distance  profile  adjacent  to  the  surface.  The  results  for  the  three  survey 
stations  at  a wall  temperature  of  .54  Toe  are  shown  in  Figure  30,  which  in- 
cludes the  experimental  profiles  of  TQ/T  and  T/TQe.  Both  sets  of  data  have 
been  plotted  since  the  slopes  d(T0/TQe)/d(y/6)  and  d (T/T  )/d(y/j)  become 
identical  at  the  surface  where  u = 0.  The  agreement  between  the  linear  pro- 
file and  the  data  is  again  considered  good  and  thus  provides  further  confidence 
in  the  computed  skin  friction  coefficients. 

3.4  GRADIENTS  OF  VELOCITY  AND  TEMPERATURE 

14 

In  a recent  paper,  Horstmann  and  Owen  presented  detailed  data  on  the  dis- 
tribution of  velocity  and  total  temperature  gradients  across  a turbulent 
boundary  layer.  While  their  measurements  were  obtained  for  M,,,  = 7.2  and 
Tw/Toe  = 0.46,  it  is  instructive  to  compare  the  results  of  Horstmann  and 
Owen  with  those  of  the  present  investigation.  Similar  to  Reference  14  a 
simple  two-point  differencing  scheme  was  used  to  convert  the  velocity  and 
temperature  profile  data  to  gradients  in  these  quantities.  The  non-dimensional 
gradients  d(u/ug)/d(y/6)  and  d(T  /T  )/d(y/6)  for  the  adiabatic  case  and 
x = 35.05  cm  are  plotted  versus  ly/5)  in  Figures  31  and  32,  respectively,  which 
include  also  the  results  of  Horstmann  and  Owen.  Also  shown  in  Figure  31  is  the 
velocity  gradient  at  the  wall  computed  from  cj.  The  velocity  gradients  are 
seen  to  be  quite  similar  in  spite  of  the  difference  in  the  heat  transfer  rates 
in  the  two  experiments.  However,  this  difference  obviously  accounts  for  the 
smaller  total  temperature  gradients  observed  in  the  present  test.  The  Tq 
gradient  in  the  vicinity  of  the  wall  is  replotted  to  an  expanded  y scale  in 
Figure  33  where  it  is  seen  that  the  scatter  in  the  data  is  quite  small  and 
that  the  y variation  in  the  gradient  can  be  accurately  represented  by  the 
dashed  line  drawn  through  the  data  points.  This  curve  is  redrawn  in  Figure  34 
where  the  total  temperature  gradient  at  the  x = 42.52  cm  station  for  the 
adiabatic  case  has  been  plotted.  The  trend  of  the  data  at  the  downstream 
station  is  in  excellent  agreement  with  the  results  of  the  upstream  survey, 
thereby  confirming  the  similarity  in  the  total  temperature  profiles. 

The  gradients  d(u/ue)/d(y/6)  and  d(T  /TQe)/d(y/6)  for  the  cold  wall  case 
Tw/Toe  = 0.54  are  plotted  against  y/?  in  Figures  35  and  36,  respectively. 

These  figures  include  the  gradients  at  the  wall,  y = 0,  evaluated  from  c^, 
and  the  results  of  Horstmann  and  Owen.  Outside  the  sublayer,  the  distributions 
of  d(u/ue)/d(y/6)  across  the  boundary  layer  are  in  good  agreement  for  the  two 
experiments,  demonstrating  again  the  relative  insensitivity  of  the  velocity 
profile  to  the  freestream  conditions.  (The  gradients  near  the  wall  will  differ, 
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of  course,  due  to  differences  in  the  skin  friction.)  Since  the  wall  tempera* 
ture  ratio  Tw/Toe  of  the  present  test  is  similar  to  that  of  Reference  14,  the 
distributions  of  the  gradients  d(To/Toe)/d(y/6)  are  also  in  good  agreement. 


The  gradients  of  velocity  and  total  temperature  are  plotted  to  an  expanded 
y/6  scale  in  Figures  37  and  38.  These  figures  illustrate  clearly  that  the 
trend  of  the  experimental  data,  indicated  by  the  dashed  lines  faired  through 
the  data  points,  is  in  good  agreement  with  the  wall  gradients  determined  from 
the  calculated  skin  friction  coefficients.  Similar  findings  were  observed 
for  all  the  test  conditions  of  the  present  experiment,  reinforcing  the  early 
conclusion,  based  on  Figure  29,  that  the  results  of  the  Hopkins  and  Inouye1 
and  the  Coles  Law-of-the-Wake^^  correlations  provide  an  accurate  representation 
of  the  skin  friction. 


3.5  INTEGRAL  PROPERTIES 

The  values  of  the  boundary  layer  thickness  6,  the  displacement  thickness  6* 
and  the  momentum  thickness  0 listed  in  Table  4 are  plotted  against  wall 
temperature  ratio  Tw/TQe  in  Figure  39.  As  expected,  the  momentum  thickness 
8 increases  with  decreasing  temperature  (about  5 to  10%  for  a 50%  reduction 
in  Tw)  while  6*  diminishes  (about  207.).  The  corresponding  values  of  Reynolds 
number  based  on  momentum  thickness  Reg  are  plotted  as  a function  of  x station 
for  each  wall  temperature  condition  in  Figure  40.  Since  the  freestream  unit 
Reynolds  number  was  essentially  constant  for  all  test  conditions,  the  vari- 
ations in  Reg  reflects  the  change  in  8. 

The  incompressible  shape  factor  is  defined  as: 


6 


u. 


H = 


r 0<1- 

e 

u u 

J n — (1 ) dy 

o ue  u/ 


(3-7) 


which,  for  the  incompressible  case,  reduces  to  6*/8.  A plot  of  this  parameter 
versus  Reg  is  shown  in  Figure  41  where  it  is  compared  to  the  results  of  pre- 
vious investigations  of  supersonic  boundary  layers  with  zero  and  favorable 
pressure  gradient. ^ The  present  data  show  relatively  little  effect  due  to 
wall  temperature,  reflecting  the  fact  that  the  velocity  profiles  are  essentially 
independent  of  Tw.  Interestingly  enough,  while  the  present  data  correspond  to 
a slightly  adverse  pressure  gradient  0 = +0.04,  they  are  in  better  agreement 
with  the  trend  of  the  favorable  pressure  gradient  results  of  Reference  4 
(0  = -0.1  to  -0.2)  than  the  zero  pressure  gradient  results  of  Reference  3. 
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3.6  CALCULATION  OF  TURBULENT  SHEAR  STRESS 


Under  suitable  assumptions,  the  turbulent  shear  stress  can  be  extracted  from 
experimental  mean  flow  data.  For  a two-dimensional  compressible  flow,  con- 
tributions from  the  flow  fluctuations  yield  the  following  expression  for  the 
turbulent  shear  stress: 


d ' . . . 

— ( p u*v*  + up  'v 1 + Vp  'u 1 + p *u *v * ) 

3y 

The  second  term  can  be  masked  by  reformulating  the  governing  boundary  layer 
equations  in  "mass-averaged"  coordinates,  so  that  the  above  shear  expression 
reduces  to: 


a a 

— ( pu  'v  ' + Vp  'u  1 +pu  'v ' ) = — (pv)  'u 1 

ay  ay 

If,  in  addition,  the  last  two  terms  on  the  left  hand  side  are  assumed  to  be 
negligible,  the  expression  for  the  turbulent  shear  stress  reduces  to  its 
incompressible  form  3(pu  kv')/dy . However,  for  complete  generality,  the 
compressible  formulation  will  be  retained. 

The  time-averaged  conservation  equations  for  the  two-dimensional  flat  plate 
boundary  layer  are: 

Continuity : 

9(Pu)/dx  + 3(pv)/ay  = 0 (3-8) 


Momentum: 

d(pu^)/dx  + d(Puv)/3y  = -dp/dx  + dr/ty  (3-9) 


where  v = v + p'v'/P  and  the  total  shear  stress  T is  the  sum  of  a laminar  and 
a turbulent  term: 


= p,3u/3y  - (pv)  'u  * 

In  preceding  paragraphs,  the  present  data  were  shown  to  be  representative  of 
a fully  developed  turbulent  boundary  layer  and  evidence  was  presented  which 
indicates  that  the  mean  flow  profiles  are  self-similar,  i.e,  that  u/ue, 
p/pe,  etc.,  are  functions  of  only  y/6.  This  allows  then  df/dx  to  be  replaced 
with  (f/fe)dfg/dx  for  constant  y/6,  where  f = Pu  or  pu^.  Integrating  Equation 
(3-8)  with  respect  to  y yields  an  expression  for  pV  which  can  be  substituted 
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into  Equation  (3-9).  The  latter  can  then  be  integrated  with  respect  to  y/6 
yielding  the  following  expression  for  the  total  shears1^ 


T 


P 


u 

e e 


2 


_d 

dx 


(P  u ' 
vre  e 


:)  + 


fy/6 


— (— ) d 
Pe  ue 


6 

P u 


e e 


1 “ 

dx  dx 


(3-10) 


6 


+ 


P u 
e e 


y dp 

6 dx 


where  it  has  been  assumed  that  the  static  pressure  is  constant  across  the 
boundary  layer. 

2 

Evaluation  of  T /p  u using  Equation  3-10  was  restricted  to  the  midsurvey 
station  (x  = 38. 1%  cm)  for  each  wall  temperature  condition.  The  x derivatives 
of  p u and  p u ^ were  found  by  applying  a simple  two-point  differencing  scheme 
to  tfie  edge  properties  listed  in  Table  4,  yielding  average  values  between  the 
first  and  second  stations  and  the  second  and  third  stations.  These  values 
were  then  further  averaged  to  determine  the  derivatives  at  the  midsurvey 
station. 

Since  the  boundary  layer  thickness  6 was  determined  from  inspection  of  the 
measured  pitot  pressure  profile,  its  value  was  influenced  by  the  density  of 
data  points  near  the  edge  of  the  layer  and  by  small  errors  in  the  pressure 
measurements.  Therefore,  6 lacks  the  precision  of  the  integral  properties, 
which  depend  on  the  variation  of  velocity  and  density  within  the  boundary 
layer  and  are  insensitive  to  the  location  of  the  edge  of  the  layer.  The  un- 
certainties in  6 are  further  accentuated  in  determining  d6/dx  since  the  in- 
crease in  the  boundary  layer  thickness  is  relatively  small  over  the  limited 
interstation  intervals  of  the  present  tests.  Consequently,  it  was  assumed 
that  6 could  be  related  to  the  momentum  thickness  9 through  a simple  form 
factor  k so  that  6 = k0  and  d6/dx  = kd0/dx.  The  value  of  k was  the  average 
value  for  the  three  survey  stations. 

The  streamwise  derivatives  used  in  Equation  3-10  are  listed  in  Table  6 where 

it  is  seen  that  the  d6/dx  term  is  4-5  times  greater  than  the  p u and  0 u 

e e Ke  e 
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derivatives  and  as  much  as  30  times  greater  than  the  dp/dx  term.  Nevertheless, 
as  shown  later,  the  dp/dx  term  cannot  be  ignored  since  it  balances  the  con- 
tributions from  the  peue  and  peu  ^ derivatives  which  are  of  opposite  sign. 

It  is  further  shown  that  the  d6/dx  contribution  is  dominant  since  the  shear 
stress  evaluated  ignoring  all  derivations  except  d6/dx  is  similar  to  the 
result  obtained  with  all  terms  included. 

The  calculated  shear  stress  distributions  for  Tw/T0e  = «94,  .71  and  .54  are 
shown  in  Figures  42-44,  respectively.  In  each  case,  it  is  seen  that  the  shear 
stress  does  not  completely  vanish  at  y/6  = 1.0,  probably  reflecting  errors  in 
evaluating  the  streamwise  derivatives.  However,  the  discrepancy  is  not  large, 
with  the  maximum  residue  occurring  for  the  adiabatic  case  where  it  is  negative 
in  sign  and  only  about  15%  of  the  wall  shear.  The  results,  overall,  are  con- 
sidered quite  satisfactory. 

Figure  43  shows  the  effect  of  neglecting  all  derivatives  except  d6/dx.  The 
resulting  shear  stress  distribution  is  everywhere  within  10%  of  the  results 
of  the  complete  solution  showing  the  significance  of  the  d6/dx  contribution. 
Also  indicated  is  the  magnitude  of  the  dp/dx  contribution,  illustrating  the 
necessity  of  including  the  small  but  finite  static  pressure  gradient  observed 
in  the  mean  flow  measurements  in  order  to  achieve  a complete  momentum  balance. 

A final  plot  of  the  turbulent  shear  stress,  normalized  now  by  the  wall  shear, 
is  shown  as  a function  of  y/6  in  Figure  45.  The  results  for  each  wall  temp- 
erature are  presented  and  included  also  is  the  "best  estimate"  suggested  by 
SanbornlS  based  on  his  review  of  both  hot  wire  measurements  and  mean  flow 
calculations  for  Mach  numbers  ranging  from  0 to  6.8.  The  present  results  are 
seen  to  be  in  good  agreement  with  Sanborn's  distribution  and  furthermore 
indicate  that  the  shear  stresses  are  insensitive  to  wall  temperature.  The 
latter  finding  is  not  surprising  since  it  has  already  been  shown  that  to  first 
approximation  the  dpeue/dx,  dpeue^/dx,  and  dpe/dx  terms  can  be  omitted  and 
the  shear  stress  given  by 


(3-11) 

£6 

dx 

It  has  already  been  demonstrated  that  u/ue  is  essentially  independent  of 
Tw/T9e  and  cf  varies  by  about  10%  over  the  range  Tw/Toe  = 0.94  to  0.54.  The 
density  ratio  p/Pe,  plotted  versus  y/6  in  Figure  46,  is  also  seen  to  be 
largely  insensitive  to  Tw/TQe  except  for  the  region  near  the  wall,  y/6  < 0.2 
where  the  integral  terms  are  small  compared  to  cf/2.  Thus,  according  to 
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Equation  3-11,  the  shear  stress  distribution  can  be  expected  to  be  weakly 
dependent  on  wall  temperature. 

With  the  turbulent  shear  stress  distribution  determined  from  the  mean  flow 
profiles,  it  is  possible  to  calculate  the  mixing  length  £,  and  the  eddy  vis- 
cosity e.  These  quantities  are  defined  as: 


2 

tl  = p-L  | du/dy  1 3u/3y  = p e 3u/3y 
from  which  the  normalized  mixing  length  can  be  expressed  as: 


(3-12) 


1 ( (TX/peUe2  | 

6 \ (P/Pe)  Ccl(u/ue)/3(y/6)]2  | (3-13) 

The  mixing  length  distribution  is  plotted  in  Figure  47  where  it  is  compared 
to  the  results  of  Horstman  and  Owen^,  obtained  at  M = 7.2  and  Reg  from 
ranging  4900  to  9700,  and  to  those  of  Yanta  and  Leel"  acquired  at  = 2.9 
and  Reg  from  10,000  to  14,000.  Included  in  the  figure  is  the  mixing  length 
calculated  by  Maise  and  McDonald*?  on  the  basis  of  a correlation  of  earlier 
two-dimensional,  adiabatic  supersonic  flow  measurements.  They  found  that  for 
Mco  up  to  5 and  Re0  from  10^  to  10^,  the  Mach  number  and  Reynolds  number  effects 
are  quite  small  and  generally  within  the  experimental  uncertainty  of  so 

that  for  this  range  of  conditions  the  mixing  distribution  could  be  represented 
by  the  incompressible  variation  of  -t/6  versus  y/6.  As  seen,  the  present  re- 
sults compare  favorably  with  the  Maise  and  McDonald*?  model  throughout  the 
entire  boundary  layer,  although  they  indicate  slightly  lower  values  for 
y/6  > 0.5.  The  present  data  also  show  a slight  separation  due  to  Tw/Toe  and 
surprisingly,  while  the  separation  is  small,  it  suggests  that  -t/6  increases 
as  Tw/TQe  decreases.  It  is  of  interest  to  note  that  the  results  of  Horstman 
and  Owen  *4  an(j  Yanta  and  Lee*6  are  in  agreement  with  the  present  findings 
and  the  correlation  of  Maise  and  McDonald  only  near  the  wall  (y/6  < 0.2). 

For  larger  y/6,  the  results  of  references  14  and  16  are  20  to  30%  less  than 
the  value  indicated  by  the  correlation. 

Solving  Equation  3-12  for  e yields: 


VPeue2 

(p/pe)(3(u)ue)/3(y/6))  (6^/6) 


(3-14) 


where  it  has  been  shown  by  Maise  and  McDonald*?  that  when  e is  normalized  by 

the  kinematic  boundary  layer  thickness  6*^,  its  distribution  across  the 

boundary  layer  is  sensitive  to  Mach  number  and  to  ReQ.  The  present  calculations 

o 
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of  eddy  viscosity  are  plotted  in  Figure  48  where  they  are  compared  to  those 
of  Horstman  and  Owen*^  and  Yanta  and  Lee*®  and  to  the  Maise  and  McDonald*7 
model.  It  is  seen  that  for  y/6  > 0.2  the  present  results  are  significantly 
larger  than  both  those  of  References  14  and  18.  However,  they  are  in  reason- 
able agreement  with  the  predictions  of  Maise  and  McDonald  although  yielding 
slightly  larger  values  for  y/6  < 0.3  and  slightly  smaller  values  of  normalized 
eddy  viscosity  for  y/6  > 0.3.  In  particular,  the  peak  value  of  e/ug6*i  = 0.02 
at  y/6  ~ 0.3  calculated  in  the  present  case  is  in  agreement  with  the  maximum 
value  deduced  from  the  Maise  and  McDonald  model.  Again,  the  trend  of  the 
present  data  suggests  a slight  wall  temperature  effect  with  e/u£&*^  increasing 
as  Tw/Toe  is  reduced.  e 

In  closing,  it  should  be  mentioned  that  in  a recent  paper,  Lee  and  Smith*-® 
presented  the  results  of  a study  at  Mach  5 of  the  effect  of  wall  temperature 
on  shear  stress,  mixing  length  and  eddy  viscosity,  with  the  transport  properties 
calculated  using  the  "inverse"  procedure  described  above.  Their  measurements, 
also  obtained  on  the  nozzle  wall,  led  to  shear  stress  values,  however,  which 
were  considerably  less  than  those  expected  from  Sanborn's  "best  estimate", 15 
with  the  discrepancy  attributed  by  the  authors  to  the  influence  of  upstream 
heat  transfer.  A similar  decrease  was  observed  in  their  results  for  mixing 
length  and  eddy  viscosity.  Although  the  present  study  was  carried  out  in  a 
wind  tunnel  channel  similar  to  that  used  in  Reference  18,  no  such  effect  of 
upstream  cooling  was  detected. 

A study  of  wall  cooling  effects  on  hypersonic  boundary  layers  (Mach  11)  has 
been  reported  by  Watson. *9  While  his  findings  were  in  general  agreement  with 
those  presented  here,  the  influence  of  cooling  was  somewhat  obscured  by  the 
larger  effects  associated  with  the  low  Re+  conditions  of  his  experiments. 

In  an  earlier  paper,  Bushnell,  et  al^O  examined  the  effect  of  Re+  on  the 
outer  region  (i.e.,  y/6  = 0.5)  mixing  length.  They  demonstrated  that  in  the 
low  Reynolds  number  regime,  the  (^/6)m  for  flat  plates  incfeases  significantly 
with  decreasing  Re+,  while  for  nozzle  walls  (^/6)m  decreases  slightly  as  Re+ 
decreases.  They  attributed  the  difference  in  behavior  to  the  fact  that  flat 
plate  measurements  are  generally  made  near  the  end  of  the  transition  zone  and 
are  therefore,  influenced  by  the  transitional  flow  structure,  while  for  nozzle 
walls,  the  measurement  station  is  usually  far  downstream  from  transition  where 
the  transitional  structure  has  vanished.  While  Bushnell,  et  al^O  conservatively 
selected  Re+  = 2000  as  the  lower  bound  for  fully  developed  flow,  both  their 
data  and  Watson's21  recent  assessment  of  Pletcher's^  low  Re+  mixing  length 
model  indicates  that  fully  developed  flow  persists  for  Re+  as  low  as  500. 
Although  the  minimum  Re+  in  the  present  experiments  was  350,  the  agreement 
shown  with  the  high  Reynolds  number  data  of  other  investigators  indicates 
that  low  Re+  effects  are  absent.  The  results,  therefore,  are  considered 
representative  of  a fully  developed  flow  and  provide  systematic  evidence  of 
the  influence  of  wall  temperature  on  the  detailed  structure  of  turbulent 
compressible  boundary  layers. 


SECTION  4 


SUMMARY  AND  CONCLUSIONS 

On  the  basis  of  the  preceding  discussion,  the  results  of  the  mean  flow  measure- 
ments can  be  summarized  as  follows: 

1.  For  each  wall  temperature  condition,  the  boundary  layer  appears  to  be 

well  behaved,  two-dimensional,  and  fully  equilibrated.  The  normalized  velocity 
and  total  temperature  profiles  are  independent  of  stream  wise  location  im- 
plying a self-similar  boundary  layer  flow.  The  nominal  boundary  thickness 
was  one  centimeter,  while  the  thickness  of  the  sublayer  was  0.04  to  0.05  cm. 

Since  valid  flow  measurements  extended  to  within  0.01  cm  of  the  surface,  this 
marks  one  of  the  few  instances  where  the  sublayer  flow  has  been  documented. 

2.  Within  the  extent  of  the  measurements,  no  evidence  of  a linear  velocity 
profile  near  the  wall  was  observed  even  for  the  adiabatic  case.  Therefore, 
the  surface  shear  stress  was  calculated  using  the  empirical  correlation  of 
Hopkins  and  Inouye  and  by  curve  fit  of  the  velocity  profile  to  the  Coles 
incompressible  "Law-of-the-Wake . " For  all  test  conditions,  the  results  of 
the  two  procedures  agreed  within  5-10%  and  were  in  good  agreement  with  the 
trend  of  the  experimental  data.  The  "Law-of-the-Wake"  curve  fit  also  indicated 
a wake  parameter  of  approximately  0.6  which  is  characteristic  of  zero  pressure 
gradient,  flat  plate  boundary  layers.  Using  the  computed  skin  friction  co- 
efficients and  the  simple  Reynolds  Analogy,  the  temperature  gradient  at  the 
surface  was  calculated  and,  for  the  low  wall  temperature  case  in  particular, 
conformed  closely  to  the  measured  temperature  profile.  These  calculations 
further  substantiate  that  the  boundary  layer  flow  was  fully  equilibrated  and 
self-similar. 

3.  The  experimental  profiles  of  total  temperature  versus  velocity  were  also 

[found  to  be  in  good  agreement  with  predictions  based  on  the  theory  of 

Whitfield  and  High  for  the  case  of  non-unity  Prandtl  number.  For  the  adiabatic 
wall  condition,  the  results  exhibited  the  expected  temperature  overshoot  near 
the  outer  edge  of  the  boundary  layer  and  a quadratic-like  behavior  within,  the 
boundary  layer.  This  differs  considerably  from  the  linear  Crocco  relation, 
which  arises  from  assuming  a unity  Prandtl  number  and  therefore  cannot  account 
for  a total  temperature  "overshoot".  The  results  further  indicate  that  with 
increasing  heat  transfer,  the  total- temperature-velocity  profile  quickly 
approaches  a linear-like  relationship  independent  of  the  Prandtl  number. 
Consequently,  the  present  results  demonstrate  clearly  that,  for  near  adiabatic 
walls,  the  Crocco  relation  does  not  provide  a valid  test  of  the  boundary  layer 
flow  for  practical  cases  where  the  Prandtl  number  departs  from  unity. 

There  are  a number  of  boundary  layer  transformations  and  correlations  which 
utilize  the  linear  Crocco  relation  in  their  derivation.  In  view  of  the  above 
finding,  the  validity  of  these  correlations  may  be  questioned.  It  should  be 
pointed  out,  however,  that  in  the  adiabatic  case,  the  Crocco  parameter  T is 
extremely  sensitive  to  uncertainties  in  the  total  temperature.  In  the  present 
instance,  for  example,  where  Toe-Tw  is  only  5 to  10%  of  Toe,  using  the  extremes 
of  a constant  TQ  on  the  one  hand  and  a linear  T0  variation  on  the  other,  produces 
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a difference  of  only  a few  percent  in  the  corresponding  profiles  of  velocity 
and  density.  Hence  the  mathematical  simplification  afforded  by  the  Crocco 
relation  justifies  its  use  in  approximating  the  T0-u  variation.  The  point 
to  be  emphasized  is  that  the  Crocco  relation,  cast  in  its  usual  form  T versus 
u/ug,  cannot  be  used  to  judge  the  quality  of  the  boundary  layer  flow. 

4.  Finally,  the  distribution  of  turbulent  shear  stresses  at  each  wall  tem- 
perature condition  was  determined  by  means  of  the  "indirect"  method  of  in- 
tegrating the  "time  averaged"  conservation  equations  across  the  boundary 
layer  using  the  experimental  mean  flow  profile  data.  The  results,  normalized, 
by  the  wall  stress,  were  found  to  be  only  slightly  dependent  on  wall  tempera- 
ture over  the  range  investigated,  and  were  in  accord  with  similar  calculations 
by  other  investigators.  Further  clarification  of  this  point  awaits  the  actual 
fluctuation  measurements.  In  addition,  values  of  mixing  length  and  eddy 
viscosity  deduced  from  the  computed  turbulent  stresses  are  in  excellent  agree- 
ment with  the  correlation  derived  by  Maise  and  McDonald  for  freestream  Mach 
numbers  ranging  from  0 to  5. 


TABLE  1 

LOCATION  OF  PRESSURE  TAPS  (P)  AND 
THERMOCOUPLES  (TC)  ON  PLATE  SURFACE 


SENSOR 

X ( CM) 

Z (CM) 

PI 

8.9 

- 2.03 

P2 

8.9 

0 

P3 

8.9 

2.03 

P4 

20.3 

- 2.03 

P5 

20.3 

2.03 

P6 

34.3 

- 2.03 

P7 

34.3 

2.03 

P8 

45.7 

- 2.03 

P9 

45.7 

2.03 

TCI 

11.4 

-2.03 

TC2 

11.4 

0 

TC3 

11.4 

2.03 

TC4 

17.8 

0 

TC5 

20.3 

-0.25 

TC6 

27.9 

-2.03 

TC7 

27.9 

0.38 

TC8 

27.9 

2.03 

TC9 

40.6 

-2.03 

TC10 

40.6 

-0.38 

TC11 

40.6 

0.38 

TC12 

40.6 

2.03 

TC13 

54.6 

-2.03 

TC14 

54.6 

2.03 

r 


MATRIX 


po  = 
To  " 

Reco  : 

X (cm) 

Tw^Toe 

.94 

35.05 

Pt,Tt(lll) 

38.79 

Pt,Tt(121) 

42.52 

Pt>Tt(131) 

Pt  - pitot  pressure  survey 

Tt  - total  temperature  survey 

Number  in  parenthesis  denotes  run  number 


Table  3 


Summary  of  Mean  Flow  Profiles 


MEftM  FLOW  PROFILES.  RUM  NO  111 


P0 . N 'M2  = 

TO. DEG  K= 

TW.DEG  K= 

X.  CM= 

RHOE. K6^M3= 
UE.M^SEC= 

RHDEUE2 » M'M2= 
RHOEUE. K6^M2SEC= 
RE  > M-l  = 

97309 
318.8889 
298.3333 
35. 052 
. 0778892 
644. 666 
32287. 14 
50. 18182 
6454139 

Y (CM  :• 

Y-D 

T^TE 

M 

TO'TQE 

U/UE 

RE/REE 

RHd'RHClE 

H 

. 00508 

. 0060096 
2.579528 

.4144576 

. 9367443 

.218966 
. 0367728 

. 3876679 
. 0186813 

. 007112 

. 0084135 
2.561507 

.4592525 
. 9372396 

.241783 
. 0411138 

.3903951 
. 0263655 

. 01 016 

. 0120192 
2.541056 

.5068813 

.9379668 

.2657907 

. 0458454 

. 3935372 
. 0376467 

. 013208 

. 015625 
2.512237 

.5693154 

.9391817 

.2968313 
. 0522502 

. 39ft  05 1 6 
. 0564953 

. 016256 

. 0192308 
2.454325 

.6828507 

.9420319 

.3518992 
. 064576 

.4074439 

.1007119 

. 018288 

. 0216346 
2.414799 

.7530869 

.9439615 

.3849568 
. 0727238 

.4141132 

. 1306453 

. 022352 

. 0264423 
2.343853 

.8695768 
. 9473373 

.4379248 
. 0872748 

. 426648 
. 1830168 

. 024384 

. 0288462 
2.287984 

.9560002 

.9501033 

.4756756 
. 099003 

.437066 

.2259266 

. 026416 

. 03125 
2.241226 

1 . 025493 
.9523567 

.5050121 

.1090971 

.4461843 

.2608855 

. 029464 

. 0348558 

2. 199977 

1 . 085376 
.9543557 

.5295609 

.1183073 

.4545501 

.2918967 

. 032512 

. 0384615 

2. 161207 

1.140573 

.9561821 

.5515664 
. 1272575 

.4627045 

.3202304 
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Table  3 (continued)  Run  111 


. 03556 

. 0420673 

2. 133292 

1.179592 
. 9573926 

.5667393 
. 1338802 

.468759 
. 3390093 

037592 

. 0444712 

2.109367 

1.21286 

.9584441 

.5794464 
. 1397171 

.4740759 

.3553215 

. 04064 

. 0480769 

2. 080284 

1 . 252842 
. 9596298 

.5944074 

. 1469929 

• 48 07 038 

• 37371 88 

042672 

. 05  048  08 

2.  059123 

1.281805 

.9604821 

.6050475 
. 1524392 

. 4856437 
.3869381 

U *4 8 7 3 8 

. 0552885 

2. 031311 

1.319222 

.9613904 

.6184895 
. 1597428 

. 4922929 
. 4010298 

043768 

. 0576923 

2. 017471 

1 . 337463 
.9617051 

.6249019 
. 1634286 

.4956701 
. 4059122 

053348 

. 0637019 

1 . 983738 

1.381844 
. 962436 

.6402178 
. 1726825 

. 5040987 
.4172497 

059944 

. 0709135 
1.957029 

1.41621 

.9626908 

.6517072 
. 1802061 

.51 09787 
. 4212028 

064  0 08 

. 0757212 

1 . 943698 

1.433 046 
.9626804 

.6572051 
. 1840212 

.5144831 

.4210424 

068 088 

. 08 1 73  08 
1.922009 

1.461174 
. 9629248 

.6663556 
. 190472 

.5202889 
. 4248336 

075 1 84 

. 0889423 
1.397769 

1 . 492648 
.9631693 

.6764031 
. 1979145 

. 5269346 
. 428626 

03  0264 

. 0949519 
1.879474 

1.516603 
. 9633973 

.6839377 

.2037246 

. 5320638 
.4321642 

087376 

. 1 033654 
1.863612 

1.537025 
. 9634268 

.6902161 

.2088357 

. 5365925 
. 43262 1 5 

090424 

. 1069712 
1.853242 

1.550986 
. 9636765 

.6945452 

.2123223 

. 5395948 

. 4364944 

095504 

.1129808 

1.33961 

1.569384 

.9640035 

.7001944 

.2169905 

. 5435934 
.4415677 

1 00584 

.1189904 

1.828505 

1.584533 

.9643184 

.7048161 

.2208832 

.5468948 

.4464524 

1 14808 

. 1358173 
1.79709 

1.629033 

.9657958 

.7183586 

.2324726 

.5564551 
. 4693723 

. 127 

. 1502404 
1.772703 

1 . 665448 
.9676223 

.7294161 

.2421142 

.5641103 

.4977075 
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Table  3 (continued)  Run  111 


141224 

. 1670673 
1.752571 

1.700322 

.9710779 

.7404494 

.251051 

.5705903 
. 5513174 

153416 

. 1814904 
1.727301 

1.734749 

.9714194 

.7499756 

.2612515 

. 5789379 
.5566151 

1 66624 

. 1971154 
1.700546 

1 . 768438 
.9704647 

.7585958 
. 2720634 

. 5880465 
.5418033 

178816 

.2115385 

1.680122 

1.796202 

.970485 

.7658646 
. 2809428 

.5951947 
.5421 19 

£06248 

. 24399  04 
1.635016 

1.864278 

.9730386 

.7841479 

.3026949 

.6116149 

.5817341 

ii3c'664 

.2752404 

1.592562 

1.930994 

.9760884 

.8015961 

.325116 

. 6279189 
.6290471 

26 0 096 

.3076923 

1.552443 

1 . 995359 
.9790472 

.8178154 
. 3480439 

.6441462 

. 674949 

28?5£8 

.3401442 

1.511435 

2. 062177 
.9819589 

. 8339637 
.3733549 

. 66 16228 
.7201198 

313944 

.3713942 

1 . 476946 

2. 121628 
. 9853469 

. 8481604 
.3967156 

. 677  0728 
. 7726785 

. 34036 

. 4026442 

1 . 433486 

2. 193358 
.9875064 

. 8638388 
. 4276958 

. 69760  03 
. 8 06 1 8 08 

366776 

. 4338942 
1.399626 

2.254481 

. 9908988 

. 8773623 
.4546928 

.71 44768 

. 8588088 

379984 

.4495192 

1 . 38597 

2.27929 

.9921771 

.8826792 

.4661175 

.7215163 
. 878639 

393192 

.4651442 

1.360685 

2.324081 
. 9937766 

.8917777 

.4878521 

. 7349238 
. 9034535 

.4064 

. 4807692 
1.348186 

2.347155 

.9948511 

. 8964853 
.4992023 

.7417375 
. 9201229 

417576 

. 4939904 

1.331341 

2.377903 

.9960026 

.9025375 

.5148804 

.7511223 
. 937987 

432816 

.5120192 

1.313519 

2.41118 

.9973679 

.9090217 

.5322273 

.7613139 

.9591675 

446024 

.5276442 

1.295145 

£.445929 
. 9987656 

.91565 

.5508906 

.7721144 

. 9808496 

459232 

. 5432692 
1.277024 

2.479256 

.9995094 

.9216103 

.5697971 

.7830709 
. 9923892 
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Table  3 (continued)  Run  111 


471424 

. 5576983 

8.514953 

.9878765 

. 7949364 

1.857968 

1.000338 

.5906364 

1 . 0 0584 

485648 

.5745198 

8.53539 

.9319666 

. 8008385 

1.848701 

1. 008088 

.6018089 

1 . 031376 

498856 

.5901448 

8.580699 

. 9397956 

.8159444 

1.885574 

1.003418 

.6293235 

1 . 052935 

518  064 

.6057698 

8.608648 

. 9433976 

. 8835539 

1.81485 

1. 003838 

.6432598 

1 . 059545 

586888 

.6885968 

8.630318 

.9478722 

. 8332358 

1.80014 

1 . 004376 

.6618089 

1 . 067893 

540518 

.6394831 

8.658874 

. 9583093 

.8431331 

1 . 136058 

1.004901 

. 6798008 

1 . 076039 

5587 04 

.6538461 

8.690658 

.9573478 

. 8547336 

1 . 169955 

1 . 005493 

.7019098 

1 . 0858 1 4 

566988 

. 67  06731 

8.710966 

. 96  04984 

. 86  c:  0 0 07 

1 . 160098 

1. 005958 

.715996 

1 . 098334 

58 0 1 36 

. 6868981 

8.744737 

■ '?65^3  06 

. 8746055 

1 . 1 43373 

1 . 006846 

.740461 

1 . 096899 

598388 

.7007818 

8.77465 

.9695907 

.8861195 

1.188516 

1. 006854 

.76301 16 

1 . 097019 

6 1'l6.55£ 

.7175481 

8.790765 

.9715455 

. 8988387 

1.180083 

1. 005734 

. 7759988 

1 . 08896 1 

. 6 1 976 

.7331731 

8.881067 

.9759809 

. 9 04 1 7 07 

1 . 1 05986 

1. 006336 

.7991049 

1 . 098887 

631958 

.7475968 

2.346095 

.9796824 

.9138318 

1 . 095018 

1. 007856 

.8181288 

1. 11857 

646176 

.7644831 

8.875559 

. 9836091 

. 9848095 

1.081304 

1. 007446 

.8481037 

1 . 115517 

6 =19  3 94 

. 7300481 

8.393487 

. 9856136 

. 9385783 

1 . 0783  03 

1. 006848 

.3578901 

1 . 1 0623 

671576 

.7944718 

8.914539 

.9879066 

. 9418047 

1.061791 

1. 006094 

.8768886 

1 . 09453  3 

684784 

.31 00968 

8.930635 

.9900071 

. 9481997 

1 . 05463 

1.006875 

.8905681 

1 . 097354 

699008 

.8869831 

8.948845 

.9981195 

. 9555466 

1.046581 

1. 006146 

.9068377 

1 . 09534 

27 


Table  3 


(continued)  Run  111 


.7112 

.8413462 

2.963373 

. 9935778 

. 9625464 

1. 038911 

1 . 005353 

.9208237 

1 . 083042 

724408 

.8569711 

2.973682 

. 9943222 

. 9678044 

1 . 033267 

1. 004331 

.9315479 

1 . 067196 

7376 1 6 

.8725961 

2.987112 

.9955316 

. 9741948 

1 . 026489 

1.003514 

.9449731 

1 . 054507 

. 75184 

.8894231 

3. 004409 

. 9974567 

. 9817088 

1 . 018632 

1 . 003245 

. 9613979 

1 . 050339 

765048 

. 9050481 

3. 01224 

.9979781 

. 9858024 

1 . 0144  02 

1 . 0 02435 

. 96991 

1 . 037774 

.77724 

.9194712 

3. 018491 

. 9982494 

. 98936 03 

1.010754 

1.001506 

.9771672 

1 . 023357 

. 79248 

. 9375 

3. 021612 

. 9979566 

. 9919892 

1 . 008075 

1. 000186 

. 9820646 

1 . 002884 

8 05688 

.953125 

3. 026288 

. 9981284 

. 9947192 

1 . 0 053  09 

.9994371 

. 9876345 

. 9912678 

8 1 8896 

. 96875 

3. 034843 

. 9989497 

. 9987071 

1 . 001295 

. 999092 

. 9963724 

.9859145 

.83312 

. 9855769 

3. 047247 

1 . 0 005  04 

1 . 003761 

.9962531 

. 9993389 

1 . 0 08  034 

. 9897438 

845312 

1 

3. 041051 

. 99958 1 2 

1. 00153 

. 9984722 

.9989202 

1 . 0 02638 

. 9832483 

. 85852 

1 . 015625 

3. 04415 

. 9996834 

1 . 003368 

. 9966437 

. 9984108 

1 . 006418 

. 9753463 

872744 

1 . 032452 

3. 041051 

.9990267 

1 . 002642 

. 9973647 

.9978122 

1 . 0 043  06 

. 9660593 

885952 

1 . 048077 

3. 044925 

.9991718 

1 . 0 049 06 

.9951177 

.9972115 

1 . 0 08988 

.9567407 

900176 

1 . 064904 

3. 048794 

. 9993853 

1 . 007031 

.9930177 

.9967511 

1.013473 

. 9495982 

912368 

1 . 079327 

3. 048794 

.9993314 

1 . 00714 

.9929105 

. 9966435 

1.013637 

.947929 

925576 

1.094952 

3. 05034 

.9997867 

1 . 007244 

.9928081 

.9971982 

1.014303 

. 9565349 
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Table  3 (Continued)  Run  111 


1 . 112931 

. 9938626 

3. 048794 
. 9975992 

1 . 1 286  06 
. 9890929 

3. 05729 
.9964146 

1 . 143029 
> 9399626 

3. 054203 
. 9959792 

1 . 1 58654 
. 9396472 

3. 054975 
. 9959897 

1 . 174279 
. 9914049 

3. 05034 
.9957889 

1 . 1875 
. 9390841 

3. 056519 
.9960782 

1 .206731 
. 9892318 

3. 057827 
. 9967327 

1.221154 

. 9894242 

3. 05729 
.9967484 

1.225962 
. 9895332 

3. 05706 
.9967602 

.9998104 

1. 012182 

1 . 006175 
. 9627554 

1.000188 

1 . 022348 

1.011 027 
. 9443784 

.9996172 

1.019971 

1.01 0 1 39 
.9376241 

. 9997 1 06 

1 . 020717 

1 . 010461 

. 9377862 

. 99908 

1. 01646 

1 ■ 00867 
. 93467 1 3 

. 99993 1 1 

1. 022104 

1 . 0 1 1 036 

. 9391587 

1 . 0 0 0434 
1.022313 

1.01 0885 
. 9500887 

1.000355 

1.021835 

1.01 0689 
. 9495557 

1.000335 

1.021589 

1.01 0578 
. 94974 

DELSTftR»CM= 
THETR?  CM= 

RE  THETR= 


. £742376 
. 0507142 
3£73. 16£ 


Table  3 (continued)  Run  112 


MEAN  FLDW  PROFILES t RUN  NO  112 


P0»  N-'M£= 

TO*  DEG  K= 

TW*  DEG  K= 

X»CM= 

RHDE  > KG/M3- 
IJE>M/SEC= 
RH0EUE£*N/M2= 
RHOEUE»  KG''M£SEC= 
RE*M-1= 


97309 
513.3889 
227.7778 
35. 052 
. 07^4545 
643.2428 
32790.7 
51.07723 
6516402 


Y O'  M :- 

Y-D 

T/'TE 

M 

T 0' TDE 

IJ.-IJE 

RE^ REE 

. 00508 

. 0061881 
2.104702 

.4973122 

.7803326 

.2340194 
. 0567365 

. 009144 

. 0111386 

2. 152001 

. 5884648 
.8144461 

.2857532 
. 0665399 

. 0 1016 

. 0123762 

2. 141966 

. 6501583 
.8222346 

.3149739 
. 0739685 

. 012192 

. 0148515 

2. 131677 

.7093012 

.8304179 

. 3427999 
. 0812094 

0 131 064 

. 0159653 
2.118542 

.7493579 

.8340636 

.3610415 
. 086496 

0 1 45288 

. 017698 

2. 110371 

. 7824422 
.8384177 

. 3762539 
. 0907755 

0159512 

. 0194307 

2. 1 00599 

.8097153 

.8409923 

. 3834664 
. 0945159 

0 1 7 0688 

. 0207921 

2. 089819 

.8356109 
. 8429795 

. 3998597 
. 0982025 

. 018238 

. 0222772 

2. 065356 

.8871044 

.8460815 

.4220088 

.1058877 

0 194  056 

. 0236386 

2. 042418 

.934017 

.8490369 

.4418515 
. 1131468 

02 1 03 1 2 

. 0256188 

2. 00624 

1 . 00589 
. 853799 

.4716187 
. 1247758 

0231648 

. 0282178 
1.980775 

1 . 059629 
.8585261 

.4936519 
. 1336932 

0239776 

. 0292079 
1.958577 

1 . 09943 
.8608192 

.509316 
. 1408132 

0247904 

. 030198 
1.948054 

1.119647 

.3623806 

.517286 

. 1444367 

RHO/RHOE 

H 

. 4751265 
.2311641 

.4646837 
. 3505614 

.4668609 

.3778213 

.4691142 

. 4064626 

.4720227 

.4192228 

. 47335  03 
. 434462 

.4760548 
. 4434732 

.47851 04 
.4504283 

. 484178 
.4612854 

. 4896158 
.471629 

.4984449 

.4882965 

.5048528 

.5048415 

.5105747 

.5128671 

.5133327 

.5183321 
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Table  3 

(continued) 

Run  112 

0868 1 £8 

. 0319307 

1.91964 

1. 169068 
.8651705 

.5361687 
. 1538017 

.5809311 
. 588  0967 

088 1 43  £ 

. 0348888 

1.907184 

1. 193738 
.8674866 

.5456988 
. 1584818 

. 5843333 
. 535993 

0 a 887 04 

■ 0363861 

1 .890183 

1 . 885608 
.8700138 

.557767 
. 1646158 

. 5890498 
.5450468 

0 3 1 a 988 

. 0381188 
1.875058 

1 . 858646 

.8719454 

.5677364 
. 1700715 

. 5333167 

.5518091 

. 034544 

. 0480798 

1.858641 

1.893717 

.8758364 

.5888867 
. 1785118 

. 53977 
. 5633875 

0 3887 1 a 

. 0441838 

1 . 889878 

1 . 33 1 497 
.8770485 

.5961141 

. 1868986 

• 5466638 

• 56964 y 8 

u 3yya7a 

. 0485 1 49 
1.818884 

1 . 361179 
.8791 193 

. 6065556 
. 1934897 

. 5518081 
. 5769177 

04 1 86  08 

. 0511139 
1.79898 

1 . 393493 
.8810588 

.6176387 

.8009788 

• 5???f  ?' 5 

■ 5 c*  ;'t'Oc6 

U4 3 3838 

. 0588465 

1 . 788695 

1.401856 

.8819361 

. 680613 
.808885 

. 559  0668 
. 5867765 

0470408 

. 057308 

1 . 776686 

1.484979 

.884806 

.6887178 

.80807 

• 56  c! 86 4 1 
• 5947c 1 1 

. 048a 7 6 

. 0600848 

1 . 76679 

1.448857 

.8857837 

.6348413 

.8188785 

. 565998 1 
. 6 u 0 u-;a8 

• U5£y  -•  d 

. 0643564 
1.753615 

1.466849 
. 8877844 

. 6489864 
.8180061 

. 57  085  06 
.6078453 

. 054864 

. 06683 1 7 

1.745134 

1 . 481648 

. 888879 

. 6478983 
.88 16601 

■ 5 r ■'  Uc  1 8 
.611 0765 

. 058944 

• 0730198 

1 . 73556 

1.49§908 

.§903851 

■.mm 

. bl61 38 

0654 3 04 

. 079703 

1.713054 

1.538787 

.8918358 

.6640748 

.8351787 

. 5837587 
.6193831 

07051 04 

. 08589 1 1 
1.700386 

1.553915 

.8984687 

.6707819 

.8408598 

.5881886 
. 6836 1 94 

0758856 

. 0917079 
1.690783 

1.573848 
. 8946899 

.6771585 
. 8457388 

.5914481 

.6314147 

OS 08736 

. 0985 1 49 
1.688046 

1.593774 

.8978078 

.6848187 

.8507148 

.5945148 

.6483851 

0868584 

. 1 050743 
1.678788 

1.614008 

.9005488 

.6909945 

.8558836 

. 5978067 

.6519186 

0 ^ 1 8464 

. 1118818 

1 . 66548 1 

1.631188 

.9031679 

.6967984 

.8600908 

.6004871 
. 6610876 

0868848 

. 1179455 

1.658908 

1.645848 

.9050339 

.7014396 

.8637674 

. 6 088  068 
. 6676188 
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Table  3 (continued)  Run  112 


1 096  c!  6 4 

. 1335396 
1.634273 

1 . 686272 
.9074076 

.7135742 

.2759561 

.6118929 
. 6759266 

1220216 

. 1486386 
1.613858 

1 . 724578 
. 9 1 09993 

.7252118 

.2871498 

.6196332 
. 6884976 

1345184 

. 1638614 
1.598917 

1.761466 

.9171203 

.737287 

.2970774 

. 6254234 
. 7099209 

1481328 

. 1804455 

1.579278 

1.794975 

.9191785 

. 7466843 
. 3079412 

.6332009 
. 71 71246 

1816456 

. 1969059 

1 . 567542 

1.817779 

.9214897 

.7533554 
. 3150886 

.6379415 

.7252139 

1749552 

.2131188 

1 . 55844 

1 . 858799 
. 932777 

.7681159 
. 3248085 

. 64 1 6673 
.7647196 

, 1882648 

.2293317 

1 . 534339 

1.894059 
. 932724 

.7766107 
. 3382  067 

.6517465 
. 764534 1 

2017776 

.2457921 

1.518318 

1.926268 
. 9362 1 05 

.7856831 

.3490166 

. 6586236 
.7767369 

, 2 0 1 98  08 

. 2460396 

1.51 99  03 

1.923902 
. 936208 

.7851276 
. 3480817 

. 6579366 
.7767279 

, 2154936 

.2625 

1.498448 

1 . 97066 
.9423083 

.7985126 
. 3636757 

. 6673571 
.7980791 

. 2286 

. 2784653 
1.48195 

1.998165 
. 9433856 

. 8051883 
. 3744975 

. 6747864 
. 8018495 

. 2424176 

.295297 

1 . 468991 

2. 027526 
. 9474273 

. 8 1 34396 
. 3846985 

.6807393 

.8159954 

. 26924 

. 32797 03 
1.42725 

2. 102553 
.9518133 

.8314694 

.4154052 

.70  06483 
. 83 1 3466 

. 2949448 

. 3592822 

1 . 393387 

2. 16981 
. 9575734 

.8478262 

. 4434547 

.7176758 

.8515069 

. 3219704 

.392203 

1 . 363529 

2.237045 
. 9656539 

.8646817 

.4714302 

.733391 

.8797886 

. 3475736 

.4233911 

1 . 3338 1 1 

2.299327 

.9712844 

.379017 
. 4999654 

.7497313 

.8994953 

. 3744976 

.4561881 

1.303145 

2.362859 
. 976277 

.8928602 
. 53 1 1 097 

. 767374 
.9169695 

. 4005072 

.4878713 

1.277005 

2.420976 
. 9818262 

.9055992 
. 5601899 

. 783  0822 
.9363918 

.427736 

.5210396 

1.248981 

2.481432 

.986484 

.9179722 

.5927801 

.8006529 

.952694 

.453136 

.5519802 

1.222401 

2.537775 
. 9899622 

. 9287725 
.6253413 

.8180618 
. 9648679 

.4809744 

.5858911 

1 . 190935 

2.598705 

.990864 

.9387509 

.6649997 

. 8396763 
.9680239 

32 


Table 

3 (continued)  Run 

112 

.508 

.6188119 

1.168069 

2.65631 

.9968695 

.9503034 

.69917 

.3561139 
. 9890434 

. 5 357368 

. 658599 
1.142109 

2.711926 
. 9988527 

. 9599^94 

.7376015 

.8755731 

. QC1595144 

. 5682544 

.684901 

1. 124488 

2 . 7647  03 

1 . 006391 

.9704261 
. 7693304 

. 8893454 

1 . 022369 

. 587756 

. 7159653 

1 . 096297 

2.814078 

1 . 002595 

. 9753253 
.8127521 

.9121613 

1 . 0 09083 

.6148736 

.7482673 

1.078007 

2.858442 
. 999478 

.9796646 

.8538989 

. 93283 0 1 
. 998 1738 

. 686878 

.7636139 

1 . 0643 06 

2.88074 

1. 00194 

. 9837543 
.8691691 

. 9395791 

1 . 006791 

. 64008 

.779703 

1 . 056668 

2.898933 

1. 002615 

. 9864082 
.8840333 

. 94637 1 3 
1 . 009151 

. 653888 

.7957921 

1 . 050453 

8.917018 

1 . 004539 

. 9896387 
.8973582 

.9519704 
1 . 015887 

. 667518 

.8131188 

1.040541 

8.935777 

1. 003148 

.9918927 

.9159221 

. 961 0385 

1.011016 

. 678688 

. 8267327 

1 . 039134 

2.949771 

1 . 00785 

. 9953444 

.9881394 

. 9623398 

l . 087474 

. 698918 

. 8440594 

1 . 030924 

2.962158 

1. 005231 

. 9955676 
. 9369936 

. 970004 
1.01 83  08 

. 7 06 1 8 

. 86 0 1 485 

1.01 9728 

8.973787 

.9992709 

.9940138 
. 956  0676 

. 9806539 
. 9974483 

. 78 1 36 

.8787129 

1 . 082839 

8.985253 

1.007293 

. 9993877 
. 955428 

.9776711 

1 . 025585 

. 733558 

. 8935644 
1.015961 

8.990617 

1 . 002825 

.9978119 
. 9668158 

. 9842897 
1 . 0 09888 

• i 4 1'  i ' i‘‘  6' 

.9108911 

1.016601 

3. 000556 
1.007742 

1.001443 

.9691188 

. 98367 0 1 

1 . 027097 

. 765048 

. 93 1 93 07 

1 . 006327 

3. 007419 

1 . 000495 

. 9986487 
. 9861681 

.9937129 
1 . 001731 

. 775808 

. 9443069 

1 . 0 04 

3. 011986 

1. 000135 

.9990081 

.9910367 

. 9960168 

1 . 000471 

. 788416 

. 960396 

1 . 005317 

3. 015027 

1 . 002751 

1 . 000673 

.9901461 

. 99471 09 
1 . 00963 

. 8 0 06  08 

. 9752475 
1.002815 

3. 017306 

1. 001231 

1 . 000182 
.9945907 

. 9971933 
1 . 0 043  09 

. 88 0928 

1 

.9991134 

3. 081859 
.9994804 

.9998407 

1.001612 

1 . 000887 
. 998 1815 
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Table  3 (continued)  Run  112 


. 8 £8 04 

1 . 008663 
.9989913 

3. 021859 
. 9993582 

.9997796 

1.001795 

1. 001 01 

. 9977538 

. 84 1 £48 

1 . 024752 

1 . 003295 

3. 021859 

1. 003664 

1.001931 
. 9953788 

.9967157 
1 . 012823 

. 854456 

1 . 040842 
. 997787 

3. 024133 
.9991246 

.99881288 

1.004358 

1 . 0 022 1 8 
. 9969363 

. 867664 

1.056931 

.9975151 

3. 02489 
.999176 

1. 000043 
1.005019 

1.002491 
.9971 16 

• 88 0872 

1 . 073  02 

1 . 000024 

3. 023375 

1 . 00104 

1 . 000798 

1 . 00075 

. 9999761 

1 . 00364 

. 894 08 

1 . 0891 09 
. 9985835 

3. 024133 
. 9999222 

1 . 000328 
1.003161 

1 . 0 0141 8 

. 9997278 

. 908304 

1 . 1 06436 
. 9923568 

3. 027919 
. 995297 

. 9984527 
1.013859 

1 . 007702 
. 9835398 

. 91948 

1. 12005 
. 9964929 

3. 027919 

. 9994454 

1.000531 

1. 007569 

1 . 003519 
. 9980589 

. 93472 

1.138614 

.9968631 

3. 027919 
.9998167 

1.000717 

1. 00701 

1 . 003147 
. 9993584 

. 947928 

1. 154703 

.9941448 

3. 029433 
.9977354 

. 999851.3 

1. 011637 

1 . 00589 
. 9920739 

. 96 1 1 36 

1.170792 

.9902176 

3 . 028676 
.9934727 

. 9976252 
1.017394 

1 . 009879 
. 9771546 

. 973328 

1 . 185644 
. 9955967 

3. 029433 
.9991925 

1 . 000581 
1.009431 

1.004423 

.9971739 

. 987552 

1.20297 

.9951886 

3. 030189 
. 9991 059 

1.000626 

1.010302 

1 . 004835 
. 99687  05 

. 993648 

1.21 0396 
.9940524 

3. 030945 
.9982878 

1. 000304 
1.012283 

1 . 005983 
.9940073 

DELSTRP • CM= 
THETR*  CM= 

RE  THETR= 

. 244234 

. 0519245 
3383.608 
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Table  3 (continued)  Run  113 


MERN  FLOW  PROFILES*  RUN  NO  113 


P0.N'-M£= 

97309 

T 0* DEG  K= 

318.3333 

TW*  DEG  K= 

172.2222 

X*  CM= 

35. 052 

RH0E*K6/M3= 

. 0790366 

IJE.M.--SEC= 

643.3206 

RHDEUE2  * N/M2= 

32626. 15 

RHOEUE  * K6 'M2SEC= 

50.81478 

PE*  M-l  = 

6517718 

Y •'  C M > 

Y-Ti 

M 

U-'UE 

RHO- RHOE 

T-TE 

TO- TOE 

RE 'REE 

H 

. 00508 

. 0060916 

.7772044 

.327719 

. 6 1 28  094 

1.631829 

.6450083 

. 12701 1 1 

. 2265771 

0058928 

• 0IJ70663 

. 8099949 

. 342483 

. 6078048 

1 . 645265 

.6561522 

. 1307074 

. 25 08562 

0079248 

. 0095029 

. 3459379 

.3623075 

.5939918 

1 . 683525 

. 6786896 

. 1324499 

. 2999587 

. 009144 

. 01 09649 

. 3565537 

.3720708 

.5774522 

1.731745 

.7003364 

. 1290379 

. 3471208 

0 1 04648 

. 0125487 

.8838528 

. 38883 

. 5629872 

1.776239 

.7242827 

. 1286362 

. 3992928 

01 1 3792 

. 0136452 

.912965 

.4014451 

. 563526 1 

1.774541 

.7301374 

. 1330458 

.4120483 

. 01 3208 

. 0158382 

.9945691 

. 4357897 

.56751 07 

1.762081 

. 7443572 

. 1463311 

. 4430292 

0 1 49352 

. 0179094 

1. 085152 

.4711869 

. 5778998 

1.730404 

.7539681 

. 1636483 

. 4639685 

0 1 58496 

. 0190058 

1.12623 

.4864372 

. 584062 

1.712147 

. 7569835 

. 1723181 

. 47  0538 1 

0185928 

. 0222953 

1.222618 

.5229538 

. 5955424 

1.679141 

.7692042 

. 1921118 

.4971635 

. 02 1 336 

. 0255848 

1.295331 

.5504114 

.603455 

1.657124 

.7805179 

.2072547 

.5218128 

. 02  3876 

. 0286306 

1.359916 

.574118 

.611 3363 

1.635761 

.790241 

.2215033 

. 5429966 
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Table  3 (continued)  Run  113 


. 026954 

. 0322856 
1.623529 

1.411138 

.8005855 

. 5935108 
.2322336 

.6159421 
. 5655342 

0328168 

. 03935 1 9 
1.600576 

1.431737 

.3123233 

.6187828 

.2486883 

.624775 

.5911074 

. 0381 

. 0456871 
1.590488 

1.524166 

.8215107 

.6344925 

.258054 

.6287379 

.61 1 1242 

0484688 

. 0509259 
1.581733 

1.550212 

.8259223 

.6435567 

.2644752 

. 6322 1 8 
.6207357 

0478536 

. 057383 

1 . 56932 

1.536168 

.8319229 

.6558943 

.2735777 

. 6372 1 87 
. 6338092 

0526288 

. 0631092 

1 . 5578 03 

1.613996 

.8356025 

.6649481 

.2812349 

. 64 1 9298 
. 64 1 826 1 

0581 152 

. 0696881 
1.547604 

1.64272 
. 840343 

. 67  45629 
. 2888617 

. 646 1 6 0 1 
.6521542 

0627888 

. 0752924 
1.541573 

1.660253 
. 8433652 

. 68  0433 1 
.2935328 

. 6486879 
. 6587386 

069392ft 

. 08321 15 

1 . 537382 

1.677684 

.8473814 

. 68664 1 7 
. 2977394 

. 6504564 
. 6674888 

0748792 

. 0897904 

1 . 534693 

1.693606 

.3517095 

.6925517 

.3012976 

.6515961 
. 6769184 

0887984 

. 1064815 
1.515457 

1.739114 

.357732 

. 70669 
. 3148753 

. 6598668 
. 6900396 

1 0 1 4984 

. 12171 05 

1 . 487768 

1 . 800653 
.8649187 

.724981 
. 3345 1 92 

. 6721479 
.7056973 

. 113792 

. 1364522 
1.481369 

1.827419 

.8713451 

. 734 1 736 

.3415446 

. 6750512 
.7196987 

1278128 

. 1532651 
1.479843 

1.84127 

.3757513 

.7393573 

.3446305 

.6757476 
. 7292985 

1 394968 

. 1672758 
1.46251 

1.377261 
. 8792998 

.7493819 

.3572144 

. 6837558 
.7370296 

. 154432 

. 1851852 

1 . 454  036 

1.913731 

.8883839 

.7617237 

.3671354 

. 6877409 
.7568212 

1678432 

.2012671 

1.443512 

1 . 948297 
.8955461 

. 7726708 
.3775998 

.6927547 
. 7724255 

181 1528 

.2172271 

1 . 432671 

1 . 976423 
. 8999747 

.7808763 

.387134 

. 697997 
. 7820741 

2 065528 

.2476852 

1.411138 

2. 035871 
.9101883 

.7982961 

.4073803 

.708648 
. 8043266 

2333752 

.2798489 

1 . 388896 

2. 097268 
.9207017 

.8158643 

.4291928 

.7199961 
. 8272322 
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Table  3 (continued)  Run  113 


. 65=.?944 

.311769 

8. 157941 

. 8388834 

.7385839 

1.365031 

.9897384 

.458589 

. 84698 06 

. 88  7 3848 

.3445419 

8.818999 

.851101 

. 7406448 

1. 3501 75 

.9450696 

.4786854 

. 8803887 

. 3147568 

. 3774366 

8.878401 

. 8636947 

. 7588844 

1.318871 

.9480095 

.5018386 

. 8867879 

. 3401568 

.4078947 

8 . 338856 

.878755 

. 7714479 

1 . 896864 

.9570848 

.5879048 

• 0 US  ;!6y  -• 

. V'SfiSfi 

. 4407895 

8 . 396683 

.8981473 

. 78689  3 3 

1.87179 

.9637457 

.5560764 

. 98 1 0 1 86 

. 3 9,59388 

.4718476 

8.455498 

. 9050459 

. 8 08  04  0 3 

1 . 84688 

. 969946 

• 5S6c!dt> 

.934581 

. 48  04c' 08 

. 5041483 

8.51486 

.9173348 

. 8 1 88985 

1.881153 

.9753911 

.6187041 

. 9463845 

. 4478588 

.537037 

8.571339 

.9898189 

. 83 38696 

1 . 8 00098 

.9888848 

. 6487435 

• 9627  096 

.4738588 

.5674951 

8.689093 

.9418853 

■ © 5 Li  1 c 5 

1.176897 

.9883153 

.6889087 

. 9745485 

. 4986588 

. 5979538 

8.676868 

. 95  05 055 

• 0 6 3 7 © 6 1 

1 . 157694 

. 993 1 1 93 

.71 14974 

. 985  0 089 

. 5871008 

. 638  0663 

8.731536 

. 96 1 0357 

. 88 0883 < 

1. 136075 

.9985851 

.7464844 

. 9967866 

. 55  35 1 68 

. 6637487 

8.786148 

. 9686389 

. 9014631 

1 . 1 093  08 

. 9985754 

.788518 

> 9960963 

. 5667848 

■ 67958 09 

8.809378 

. 9783578 

. 9095455 

1 . 09945 

. 9997793 

■ 3 IJ56  U d 1 

. 9995 1 98 

.5789168 

. 69480  08 

8.831603 

. 9758071 

.917 47 68 

1 . 089946 

1.000778 

. 88843 1 8 

1 . 001694 

. 5931408 

.7118573 

8.856119 

. 98  05654 

.9843951 

1 . 081788 

1. 003987 

. 8387995 

1 . 008555 

. 6 06 3488 

.7870955 

8.876881 

.9888331 

. 9347014 

1 . 06986 

1. 001839 

. 8588558 

1 . 004007 

. 6195568 

. 7489337 

8.897685 

. 9868069 

. 9406483 

1 . 063103 

1.00458 

.873817 

1 . 009847 

. 6 387648 

.7587719 

8.916764 

.9876588 

. 9508703 

1 . 058338 

1. 008576 

. 8983335 

1 . 005611 

. 6449568 

.7733918 

8.93336 

.9901473 

. 9568898 

1.045709 

1. 003487 

.9058601 

1 . 007465 

. 658 1 648 

. 78983 

8.949084 

.9918843 

. 9633089 

1.038095 

1. 008893 

.9806586 

1 . 0 06  3 0 3 
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Table  3 (continued)  Run  113 


6744208 

.8087232 

1.031181 

2.967069 

1.003953 

.9945444 

.9355271 

.9697615 
1 . 0 086 1 1 

6355968 

.8221247 

1 . 025837 

2.977966 

1. 003436 

.9956068 

.9462574 

.9748141 

1 . 007487 

6977888 

. 3367446 

1. 020381 

2.938051 

1 . 00243 

.9963186 

.9570378 

.9800259 
1 . 005295 

7120128 

.8538012 

1.018873 

2.997332 

1. 004941 

.9986745 

.9621299 

.9814763 
1.01 0765 

7252208 

. 8696394 
1.015946 

3. 004275 

1. 005039 

.9995486 

.9685076 

. 9843048 
1. 010979 

7334288 

. 8854776 

1. 010979 

3. 011203 

1. 003098 

. 9<)ft402 
. 9778682 

. 9ft9 1 399 
1 ."  00675 

7526528 

.9025341 

1 . 0098  36 

3. 013509 

1. 002953 

.9996017 

.9802722 

. 9902597 
1 . 006434 

7 6 SR  6 Oft 

.9133723 

1.007121 

3. 017349 

1 . 001902 

. 99ft5£9 
.9854771 

. 9929292 

1 . 004143 

7790688 

.93421 05 
1.012604 

3. 022716 

1. 009672 

1.004029 

.9792561 

. 9875528 
1 . 021072 

7922768 

.9500487 

1.008574 

3. 026545 

1. 007301 

1 . 003298 
. 9863542 

.9914991 
1. 015906 

8 054848 

. 9658869 
. 9938994 

3. 026545 
.9976387 

. 9984748 

1. 000672 

1.0011 02 
. 9948554 

3186928 

.9817251 

1.001714 

3. 02578 
1.000122 

. 9996274 
.9962171 

. 9982893 
1 . 000266 

3 3 39328 

1 

1.012709 

3. 028075 

1. 012092 

1.005861 
. 98  084  09 

. 9874507 
1 . 026346 

3471408 

1. 015838 
1.000573 

3. 029605 

1 . 000618 

1. 000321 
.9991774 

. 999427 
1 . 001347 

3593328 

1.030458 

1 . 000589 

3. 029605 

1 . 000634 

1.000329 
. 999 1 54 

. 9994 1 1 3 
1 . 001381 

8715248 

1.045078 

1 . 0 00088 

3. 02884 
.9998057 

.9998261 
. 9996511 

. ftftftftlc'  *-! 
. 9995768 

8857438 

1 . 062 1 34 
. 9996454 

3. 029605 
. 9996903 

.9998573 

1.000565 

1 . 000355 
. 9993252 

3979408 

1.076754 

.9997193 

3. 029605 
.9997641 

.9998943 

1.000455 

1 . 000281 
.999486 

9111 483 

1 . 092593 
.9993141 

3. 030369 
. 9996854 

. *9«iQ439 

1. 001315 

1 . 000686 
. 9993145 

9233408 

1.107212 

.9993161 

3. 030369 
. 9996874 

. 999-944 9 
1.001311 

1 . 000684 
. 999319 
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Table  3 (continued)  Run  113 


1. 124869 

3. 02884 

. 9997782 

. 9999«i£ 

.99971 

. 9997943 

1. 1 38889 

3. 029605 

. 99991 i 

. 9997527 

. 9997975 

1. 000405 

1 . 155945 

3. 02884 

.9998171 

1 . 00007 

.9997879 

. 9996778 

1 . 171784 

3. 030369 

. 9999272 

. 99928  08 

.9996521 

1.001364 

1 . 185185 

3. 029605 

. 9998483 

.9996274 

. 9996722 

1 . 000592 

DELSTflR*  CM= 

.2225505 

THETft*  CM= 

. 0538501 

RE  THETft= 

3509.796 

Table  3 (continued)  Run  121 


MEAN  FLDUI  PROFILES*  RUN  NO  121 
P0*N/M2=  97309 


TO*  DEG  K= 

TW> DEG  K= 

X*  CM= 

RH0E*KG'M3= 
UE*M/'SEC= 
RH0EUE2  * N'M2= 
RHOEUE  * K6/M2SEC 
RE*  M-l  = 

v <:cm> 

Y''D 

T'TE 

. OO508 

. 0056433 
2.563219 

0 03 128 

. 0090293 
2.54734 

01 1 176 

. 0124153 
2.505821 

0 1 4224 

. 0158014 

2 . 46723 

017272 

. 0191874 
2.398967 

. 02  032 

. 0225734 
2.328118 

022352 

. 0248307 
2.312841 

024384 

. 027088 
2.254745 

027432 

. 030474 
2.203823 

. 03048 

. 03386 

2. 169463 

033528 

. 037246 

2. 136745 

318.3333 


297.7778 

38.7858 

. 0792901 

642.9455 

32692.64 

50.94803 

6520915 

M 

TO^TQE 

IJ/IJE 

RE/REE 

.4388289 

.940774 

.2322921 
. 0394952 

.4721628 

.9404139 

.2491619 
. 042834 

.5645352 

.9420473 

. 2954693 
. 0523027 

.6405746 

.9435201 

. 3326756 
. 0605413 

.7634002 
. 9466555 

. 3909406 
. 0748042 

. 8788534 
.9498988 

. 443369 
. 0895227 

.9017248 

.9503232 

.4534123 
. 0926404 

. 9899689 
.9530564 

.4914922 
. 1 051285 

1 . 064068 
.9552412 

.5222809 

.1164191 

1.112878 

.9566419 

.5419633 
. 1242919 

1. 158721 
.9579429 

.5600176 
. 1320207 

RHO'-RHDE 

H 

.3901345 
. 0827979 

. 3925663 
. 07722  02 

. 399 07 08 
. 1 025164 

.4053128 
. 1253244 

. 4168461 

. 1738807 

.4295315 

.22410S3 

. 4323687 
.2306815 

. 4435092 
.2730082 

.453757 

.3068441 

. 4609436 
. 3285349 

.4680O15 
. 3486829 
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Table  3 

(continued) 

Run  121 

. n-:556 

. 0395034 

1 . 806803 

.5783808 

. 475551 

8. 1 08884 

. 9594858 

. 1403578 

. 3716488 

. fi  3:=:  6 ft  8 

. 0488894 

1.841708 

.5916611 

. 4814883 

8. 076894 

. 9603539 

. 1468743 

. 386  0c'  1 8 

. 04 165 A 

. 0468754 

1 . 858984 

. 5980045 

. 4845339 

8. 063839 

. 96  06 1 97 

. 1501648 

. 3901377 

. 04  ft  6 88 

. 0485387 

1 . 883488 

. 6069683 

. 488779c' 

8 . 0459 1 4 

. 96 1 c'636 

. 1548574 

. 4001 094 

• u 4 6 7*  3 6 

. 0519187 

1.301851 

. 61 35779 

.4981855 

8. 038008 

. 9615679 

. 1 585  07 

. 4 u 4 y c!  1 7 

. 04775c' 

. 0530474 

1 . 383558 

. 68 1 37 73 

. 49598 0 1 

8. 01681 

. 9688 1 46 

. 1 68886 1 

. 4 1 48366 

. 0508 

. 0564334 

1 . 34138 

.6875973 

. 4993388 

8. 008648 

.9684447 

. 166498 

. 4184005 

• ij?c'  y -•  c! 

. 0586907 

1 . 355338 

. 6384796 

.501 9898 

1 . 998  078 

. 9686848 

. 1694868 

. 4881185 

. o=;  5 ft  ft 

. 0680767 

1 . 365748 

. 6360 1 78 

. 5 04  07 1 9 

1 . 983844 

. 9686783 

. 1716704 

. 488 0 1 8 1 

. 08096 

. 0677801 

1 . 399785 

. 6476558 

. 5 1 0655 

1 . 958869 

. 9638993 

. 1790185 

.4316353 

. 06604 

. 0733634 

1 .419768 

.6543143 

.5147005 

1 . 948877 

. 9634654 

. 183497 

. 4348068 

. 07c 1 36 

. 0801354 

1.444313 

■ 6 6 Li 43 7 c' 

. 5 1 9667 

1 . 9843 09 

.9638198 

. 1890814 

. 439687 

• U i r c'  l y 

. 0857788 

1 . 468405 

. 67  033  08 

. 5845739 

1 . 906309 

. 964859 

. 1946699 

. 4464981 

. 08  3 31c' 

. 0985508 

1 . 486445 

. 6761 086 

. 5884038 

1 . 898494 

.9644081 

. 1 98993 

.4487131 

. 087376 

. 0970655 

1.508178 

.6811196 

• 531  i c'  r c 

1 . 880664 

. 9646836 

.8087993 

.4581441 

. 1016 

.11 88668 

1.548301 

. 695483 

.5418887 

1.845418 

. 9648978 

.8144145 

. 4563898 

. 1 1 3798 

. 18641 08 

1.587059 

.7074063 

■ 5 5 0 c c 5 8 

1 . 817436 

.9658778 

. 8843597 

. 47 1 5677 

. 185984 

. 1399549 

1 .686814 

.7193567 

. 5586754 

1 . 789948 

.9671878 

. 8346834 

.4918543 
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Table  3 (continued)  Run  121 


140208 

. 1557562 
1.764759 

1.66204 

.9682719 

.7300129 

.2445077 

.5666496 

.5086431 

l 66624 

. 1851016 
1.72125 

1.727149 

.971247 

.7492006 

.2628639 

.580973 

.5547172 

1 94  056 

.2155756 

1.674423 

1.796521 

.9737548 

.7686192 

.2839253 

.5972206 
. 5935535 

2 1 9456 

.2437923 

1 . 635372 

1.355679 

.9760196 

.7846168 
. 3029299 

.6114818 

. 6286277 

246888 

. 2742664 

1 . 599537 

1.911675 
. 978484 

. 7993883 

.3217451 

. 6251807 
. 6667936 

. 27432 

.3047404 

1.555339 

1.982199 

.981636 

.8173464 

.3468056 

.6429468 

.7156069 

3 0 0736 

.3340858 

1.516426 

2. 045687 
. 9844866 

. 8329065 
.3707451 

.6594454 

.7597516 

326 1 36 

. 3623025 

1.481234 

2. 104291 
.9871025 

.8467671 

.3940741 

.6751129 
. 8002627 

352552 

.3916479 

1 . 445834 

2. 164445 

.9897541 

.8605026 

.4193186 

. 6916423 
. 8413263 

377952 

.4198646 

1.411474 

2.223972 
. 9922949 

.873599 
. 4456864 

. 7 084792 
. 8806754 

4 05384 

. 4503386 
1.377119 

2.284937 
. 9948999 

. 8865565 

.4741332 

.7261538 

.9210174 

. 4318 

.479684 

1 . 34438 

2.344312 

.9973669 

.898717 

.503353 

.7438371 
. 9592227 

460248 

.5112867 

1.309735 

2.408895 

1 . 000083 

.91 14986 
.5368313 

. 7635 1 3 
1 . 001286 

484632 

. 5383747 
1.28075 

2.462524 

1 . 001601 

.921423 
. 5666473 

.7807927 
1. 024791 

.51308 

.5699774 

1.24791 

2.525959 

1.003831 

. 9329626 
.6033557 

.80134 

1 . 059324 

526288 

. 5846501 

1 . 23792 

2.544998 

1. 004243 

. 9362246 
.6149877 

.8078067 
1 . 0657  02 

540512 

.6004515 

1.224259 

2.57121 

1. 004765 

.9406339 

.6313573 

.8168207 
1 . 073799 
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Table  3 (continued)  Run  121 


. 55372 

.6151848 

8.601 65 1 

. 9456595 

.82741 1 1 

1.808589 

1 . 005357 

.6508506 

1 . 038959 

5659 1 £ 

• 6286682 

8 . 634  068 

. 95  09058 

. 8388867 

1. 198141 

1 . 0 05977 

.678185 

1 . 092558 

53  0 1 36 

. 6444695 

8.668689 

. 9563863 

.8511811 

1 . 174833 

1 . 006681 

. 6956489 

1 . 1 02535 

598328 

. 658  0 1 35 

8.698075 

. 96  0 0 1 8ft 

. 8596225 

1 . 163301 

1 . 007045 

.71 19058 

1 . 1 09096 

6 0A^52 

.6733149 

8.718781 

.9631985 

. 8671536 

1 . 153198 

1 . 007481 

.7865693 

1.114918 

618744 

. 6873589 

8.747415 

. ft683996 

. 8798978 

1 . 1 36496 

1 . 008081 

. 7517086 

1 . 184816 

63 0936 

. 7009029 

8.769147 

. 97 1 6 089 

. 8879775 

1.186155 

1 . 0 08398 

• T7  *6  T7  2 £ 7*  t* 

1 . 1 29963 

. 64516 

.7167043 

8. 794856 

. 975393ft 

. 8975355 

1 . 114168 

1 . 008918 

. 7878673 

1 . 138114 

659384 

. 7385056 

8.818149 

. 977764 

. 9 0427 68 

1 . 1 05856 

1 . 008976 

. 8 0 08974 

1 . 1 390  09 

. 67  056 

. 744981 

8 . 8333 1 6 

. 93 1 839 

. 9146706 

1 . 09389 

1 . 008937 

. 8220689 

1 . 138398 

683768 

. 7595937 

8 . 86  08 1 

. 9841 181 

. 9238077 

1 . 088476 

1 . 008766 

. 34  08 1 1 9 

1 . 135755 

. 7765837 

8. 890378 

. 9878865 

. 9359807 

1 . 068467 

1 . 003551 

. 866  0 09 

1 . 138481 

785484 

. P.  053691 

8. 917886 

.9909187 

.9475015 

1 . 055407 

1 . 007884 

. 8901339 

1 . 122093 

737616 

. 3 1 94 1 3 1 

8. 989084 

. 9922275 

. 9526516 

1 . 049708 

1 . 007553 

. 9009469 

1 . 116974 

758856 

. 8363431 

8.953387 

. 9951283 

. 9628478 

1 . 038586 

1 . 007358 

.9888773 

1. 113861 

765048 

. 8498871 

8.963437 

. 9960091 

. 9677374 

1 . 033338 

1 . 006638 

.9330373 

1 . 1 02701 

778856 

. 8645598 

8.975068 

. 996959 

. 9*34873 

1 . 087835 

1 . 005699 

.9449919 

1 . 088852 
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Table  3 (continued)  Run  121 


793496 

.8814898 

1.020278 

2.988186 

1. 004531 

.9979602 

.9588184 

.9801253 

1.070175 

8 0c;688 

. 8850339 
1.017998 

2.992036 

1.003943 

.9981289 

.9632606 

. 9823201 

1. 061071 

819912 

.9108352 

1. 014154 

2.999721 

1. 003453 

.9988013 

.9712005 

.9860438 
1 . 053475 

832 1 04 

. 9243792 

1. 010102 

3. 008153 

1. 003061 

.9996064 
. 9797674 

. 9899989 

1 . 04741 

847344 

.9413092 

1.010102 

3. 006622 
1.002404 

. 8990975 
.9792684 

. 9899988 
1 . 037225 

y59536 

. 9548533 

1 . 0 048  03 

3. 01809 

1 . 002053 

1.000275 

.9907573 

.9952195 
1 . 03 1 79 

872744 

. 969526 
1.003019 

3. 021142 
1.00158 

1 . 000396 
. 9943973 

. 99699 

1 . 024464 

885952 

. 9841986 
1.002769 

3. 020379 

1. 001003 

1.000019 

.9945168 

. 9972386 

1. 01554 

900176 

1 

. 9999633 

3. 025713 

1 . 000482 

1 . 000383 
1.000456 

1 . 000037 
1.007468 

913384 

1. 014673 

. 9998468 

3. 02419 
.9997144 

.9998211 

1.000127 

1 . 000153 
. 9955778 

. 92456 

1 . 027088 
1.001286 

3. 021142 
.9998495 

.996971 1 

.9987153 
. 9976693 

9’^y?y4 

1 . 042889 
1.002787 

3. 018854 

1 . 000368 

. 9995228 
. 9939886 

. 9972212 
1 . 005696 

95 1 992 

1 . 057562 

1 . 002537 

3. 01809 
. 9997923 

.9991457 

.9941074 

. 9974696 
. 9967829 

. 9652 

1 . 072235 
. 9984853 

3. 027236 
. 9996539 

1.000146 

1 . 0 03 1 77 

1. 001517 
. 9946398 

978408 

1. 086907 
1.001324 

3. 020379 
.9995612 

. 9992985 
. 9966631 

. 9986775 
.9932039 

992632 

1 . 1 02709 
. 9995  014 

3. 024952 
. 9996946 

. 9999001 

1 . 000896 

1 . 000499 
.99527 

994664 

1 . 1 04966 

1 . 000125 

3. 023429 
. 9996664 

. 899708 
. 9994595 

. 999875=1 
. 9948345 

DELSTftR»CM=  .291671 

,THETfi»  CM=  .0534867 

RE  THETR=  3487.824 
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Table  3 (continued)  Run  122 


1 


f 


i 


\ 


MERN  FLOW  PROFILES*  RUN  NO  1£2 


P0,N/M£= 

T0»DEG  ¥= 

TWjDEG  k= 

X*CM= 

RH0E>KG/N3= 

pi&l?uii?N.'M2= 

RH0EUE»KG/H2SEC= 
PE  > M- 1 = 

97309 
318.3333 
£27.7778 
38.7858 
. 0792205 

50.90924 

6518724 

V <CM> 

Y^D 

TVTE 

M 

TO/TOE 

U-/UE 

PE/REE 

RHO--PHOE 

H 

. 00508 

. 0059319 

8. 143941 

.4410314 

. 7868443 

.2134415 

. 0500076 

. 46643 08 
. 85  06857 

0075184 

. 0087798 

2. 168431 

.4820922 

.7994214 

.2343171 
. 0540503 

. 4624486 

. £948984 

0085344 

. 0099656 

8. 153203 

. 5332469 
.8039114 

.2586269 
. 0601222 

. 4644245 

. 1 06685 

. 0 1016 

. 0118638 

8. 170948 

. 5467725 
.8127753 

. 266277 
. 0609868 

. 46  06894 

. 34 1 842 1 

0 1 1 0744 

. 0129315 

8. 148697 

. 6474933 
.8804105 

.3132697 
. 0734739 

. 4667016 

■ 3686823 

0 1 £5984 

. 0147111 

2. 120047 

.7257169 

.8278282 

.3492552 
. 0835097 

. 4716876 
. 3947581 

0 1408 08 

. 016378 

8. 099375 

.785208 

.833089 

.3760388 
. 0915298 

.4763321 

.4132516 

0155448 

. 0181516 

8. 066483 

.8596727 

.8379196 

.4084622 

.1023219 

.483914 

.4302328 

0 1 68656 

. 0196939 

8. 040681 

.9155545 

.8417358 

.432283 
. 1 1 08051 

. 4900469 

. 4436481 

0176784 

. 020643 
£.015143 

.9661257 
. 8447747 

.4533039 

.1188905 

. 4962427 
. 4543309 

. 018796 

. 021948 
1.996576 

1. 006279 
.8481633 

.4699636 
. 1253644 

.5008576 
. 4662427 

. 080828 

. 0243208 
1.983844 

1.04314 

.853343 

.4856228 
. 1310676 

.504072 

.4844512 

. 08 1 844 

. 0255072 
1.958374 

1.091133 

.8565604 

.5046944 
. 1394793 

.5106276 

.4957615 
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Table  3 (continued)  Run  122) 


0232664 

. 0271681 
1.941006 

1.127328 
. 8599757 

.5191187 
. 1458304 

.5151967 

.5077673 

0242824 

. 0283545 
1.925547 

1.157674 

.8625599 

.5309654 
. 1513657 

.5193329 

.5168517 

026 0 096 

. 0303713 
1.913677 

1.186953 

.8665244 

.5427136 
. 1564839 

. 5225542 
.5307883 

0271272 

. 0316764 
1.897087 

1.217284 
. 8687866 

.554164 
. 1623664 

.5271239 
. 53874 05 

0285496 

■ 0333373 

1.894619 

1.223232 
. 8695995 

.5565095 
. 163445 

. 52781 06 
.5415982 

0295656 

. 0345237 
1.873403 

1.25817 
. 8713366 

.5691905 
. 170675 

=1337:33 

.5477048 

032 1056 

. 0374896 
1.859307 

1.288237 
. 8748382 

. 5!3n=i96 
. 1765379 

. ?=i  3 7 ?3  r3  4. 

! 5600142 

0347472 

. 0405742 
1.841082 

1.321073 

.8774081 

. 5924696 
. 1834558 

.5431588 
. 569048 

0374904 

. 0437774 
1.828224 

1.344196 

.8792409 

.6007313 

. 1884401 

.5469791 

.5754912 

0405384 

. 0473366 
1.819845 

1 . 363406 
.8818991 

.6079183 
. 1923221 

. 5494973 
• 58483*56 

0427736 

. 0499466 
1.802241 

1.394185 

.8841759 

.6186282 
. 1992651 

. 5548646 
. 5928392 

0458216 

. 0535058 
1.794681 

1.409289 
. 885836 

.6240171 

.2025731 

.557202 
. 598675 

0476504 

. 0556412 
1.785261 

1.424213 

.8865202 

.628968 

.2061828 

.5601421 
.601 08  03 

05 04952 

. 0589631 

1 . 774439 

1.442219 

.8876171 

.6349868 

.210518 

. 5635584 
. 6049363 

. 05  3 34 

. 062285 

1 . 76998 

1.451937 

.8889035 

. 63846 1 6 
.2126613 

. 5649782 
. 6094584 

0557784 

. 0651323 
1.761833 

1 . 46638 
.8900589 

.6433271 

.2161262 

.5675907 
. 61352 

058 3184 

. 0680982 
1.755018 

1.477507 

.8906778 

.6469537 

.2189157 

.5697947 
. 6156956 

. 06096 

. 0711828 

1.748348 

1.48921 

.8915814 

.6508377 

.2217949 

. 5719686 
• 6 1 88 1 2 1 

0658 368 

. 0768774 

1 . 737949 

1.511168 

.8943681 

.658467 

.2268993 

.5753908 

• 6cl8668j 

0 7 1 8 3 1 2 

. 0838771 
1.725895 

1.53583 

.8973286 

. 6668886 
.2327988 

.5794094 

.6390753 
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Table  3 

(continued) 

Run  122 

i 1 7691  IS 

. 0ft9fi  09 

1.546481 

.6704145 

.58131 03 

1.780858 

. 8983843 

. 8354684 

. 6487865 

ijXc'tOi.iy 

. 0964587 

1.570588 

. 678995* 

.5855176 

1.707891 

.9009718 

.8414873 

.651 88  0 3 

It  Xh'iX'Hh 

. 1015548 

1.586818 

.6833931 

. 589 0 0 06 

1.697791 

.9018133 

.845977 

. 65484 07 

0915416 

. 1 068989 

1 .600003 

• 68752 06 

. 59 1 6649 

1 .690146 

.9087719 

. 849557 

. 6588 1 05 

0974344 

. 1137739 

1 . 68  0883 

. 6939009 

. 59565 1 7 

1 . 678834 

.9044759 

.8550533 

. 664c!  u u6 

1 1 0 1,1  JcH 

. 1 88485 

1.661906 

.7071018 

. 6 U 346 a 8 

1 . 657  086 

.9087545 

. 8663833 

. 67984 1 3 

1 8 334 08 

. 1439079 

1.696405 

.7174795 

.61 0 7 8 5 8 

1.637398 

.9113604 

. 8763585 

.6884018 

1 375664 

. 1606359 

1.740439 

.731147 

.619 O 3 3 3 

1 .615488 

.9164018 

.8888495 

. 706184 

. 150368 

. 1755843 

1.770701 

.7409569 

. 6838934 

1 . 608838 

.9818959 

.8970588 

■ r c!  3 -•  c 3 i 

1 6 3:3:3  Oft 

. 1913638 

1.801686 

. 75008 

. 6304087 

1.586888 

.9841886 

. 3066819 

. 73349/8 

. 1 7 Pc' 98 

.8070834 

1.83461 

. 7609088 

• 6 35 oa u3 

1 . 574604 

.9307007 

.3154348 

. i* 5 aaa'r* a 

8 044 1 98 

. 8386997 

1 . 908857 

. 78  06 1 08 

. 6588458 

1.531757 

. 9358068 

. 3409015 

• i’’  i"  c c cl  'r*  'r* 

.83114 

.8699015 

1.969781 

. 7990864 

. 6638858 

1.506884 

.9450818 

. 3601978 

. 8 06733 

. 857556 

.3007474 

8. 039877 

.8164494 

.6815531 

1 . 467837 

. 9494309 

• 3366654 

■ CCC  _•  C D 

8838608 

.3307688 

8. 098141 

. 83 1 4386 

. 695698 1 

1.437405 

. 9548605 

.409676 

. 84 1 3 1 95 

3 095758 

.3614901 

8.  161735 

. 8466906 

.7181 338 

1.404838 

.9597011 

. 4368 i 04 

• 3 5 a «■  5 1 

. 33588 

.3915055 

1 . 378896 

8.88038 

.9674881 

. 86 1 7788 
.4597889 

.785818 
■ a a 5 4 r »■'  5 

. 36871 8 

. 4835378 

8.877496 

. 8749683 

. 7401885 

1.351007 

. 9783778 

. 4854848 

. 9088987 

• aaa62 

.4537905 

8.338118 

.8884144 

. 7566715 

1.381577 

.9773886 

.5148809 

. 98 088 1 8 

4 1 56456 

. 4853488 

8.396857 

.9018199 

.778344 

1.89476 

. 98867  08 

. 5486755 

. 9390798 
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Table  3 (continued)  Run  122 


. 442468 

.5166686 

1.267967 

2.453971 

.9874127 

.9133267 
. 5726648 

. 7886644 
. 95575 1 3 

4701032 

. 5489382 
1.240402 

2.511303 

.9908956 

. 9244498 

.6048809 

.80619 

.9679949 

. 496824 

.58014 

1.218439 

2.562182 
. 995572 

.9347915 

.6332671 

.820722 

.9844341 

5236464 

.6114604 

1.187312 

2.628718 

.9991119 

.9467371 

.6745506 

. 8422382 
. 996878 

. 549656 

.6418318 

1.164186 

2.680071 

1. 002075 

.9557853 

.7077013 

. 8589695 
1.007295 

■ 57658 

.6732709 

1.138774 

2.734165 

1 . 003766 

.9643757 

.745637 

.8781374 
1 . 013239 

6 0 1 37  04 

. 7022185 

1.1 17373 

2.782705 

1 . 006043 

.9722303 

.7802722 

. 8949561 
1.021245 

6288 024 

.7342508 

1 . 094936 

2.832933 

1. 007662 

.9797912 

.8184088 

.9132955 
1 . 026936 

6552184 

.7650967 

1 . 07829 

2.873199 

1. 009848 

.9861351 
. 8490099 

.927394 
1. 034618 

6816344 

. 7959426 

1 . 056276 

2.916918 

1.008123 

. 99  08682 
. 8886378 

. 946722 
1 . 028554 

7090664 

. 3279748 
1.042116 

2.945982 

1.007154 

.99401 05 
.9156459 

. 959586 
1 . 025149 

7212584 

.84221 14 

1. 03123 

2. 96469 

1 . 004689 

. 9950841 
. 9359598 

. 969716 
1.01 6485 

7354824 

. 85882 07 
1.027771 

2.977099 

1.006675 

.9975725 
. 9445888 

. 972979 
1 . 023i463 

7497064 

.8754301 

1.026034 

2.987918 

1.009652 

1 . 000351 
.9504123 

. 974626 1 

1 . 033929 

7629144 

.890853 

1. 020522 

2.995624 

1.007552 

1.000233 

.9605418 

.9798902 
1 . 026548 

7771384 

.9074623 

1 . 016391 

3. 00331 
1.006784 

1.000768 
. 9688496 

.9838734 
1 . 023849 

7903464 

. 9228853 

1.011132 

3.01251 

1. 005528 

1 . 001233 
.9793704 

. 9889909 

1. 019434 

o o 35544 

. 9383082 
1.009019 

3. 014806 

1.004414 

1.000949 

.9831831 

.9910619 
1. 015515 

8167624 

.9537312 

1.008248 

3. 017864 
1.004961 

1. 001581 
.9853041 

.9918194 
1. 017439 

8320024 

.9715269 

1.007655 

3. 019393 
1.005027 

1. 001794 
.9866699 

.9924031 
1 • 0 1 . 6 (' 
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Table  3 (continued)  Run  122 


4 1784 

.9845771 

3. 081683 

1 . 0 0 1 898 

. 9937  088 

1 . 006338 

1 . 004697 

. 9893508 

1.01 65 1 1 

S 6 ft  A 4 

1 

3. 08686 

1 . 0 083 1 9 

. 9958794 

1 . 0 04 1 38 

1 . 004464 

. 9940948 

1 . 015693 

j’?44 

1 . 015483 

3. 08686 

1 . 009098 

.994  34 39 

1 . 005688 

1 . 006015 

.991805 

1 . 08 1 1 45 

c 8 38 184 

1 . 038038 

3. 08686 

1 . 0 03785 

. 998978 

1 . 007078 

1 . 007405 

. 98976 1 8 

1 . 0860  31 

8 88 0 1 04 

1 . 046869 

3. 087785 

1 . 001938 

. 9976394 

1 . 0 08366 

1 . 003346 

. 9978843 

1.01 1761 

41 08844 

1 . 068878 

3. 087785 

1 . 0 0 1 1 77 

. 9991564 

1 . 000844 

1 . 001888 

. 9994987 

1 . 006405 

9884864 

1.077115 

3. 087785 

1 . 0 0 1 887 

.9977417 

1 . 0 08863 

1 . 003843 

. 9973773 

1.011 399 

4 6 i-  S 0 4 

1 . 093784 

3. 088546 

1 . 008803 

.9976143 

1 . 008391 

1 . 003698 

. 9974378 

1 . 018998 

9488484 

1 . 1 0796 1 

3. 083973 

1 . 0 0 1 3 0 1 

. 996 3968 

1 . 003616 

1 . 008961 

. 9941149 

1 . 01  04  09 

4680504 

1 . 183384 

3. 089308 

1 . 00185 

. 9988 1 96 

1 . 0 0 1 1 88 

1 . 008813 

. 9994916 

1 . 009888 

DELSTflRj CM= 

. 8607856 

THETfti  CM= 

. 0538006 

PE  THETfi= 

3507. 118 
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Table  3 (continued)  Run  123 


MEAN  FLDW  PROFILES*  RUM  MO  1£3 


P0 * M"M£= 

TO* DEG  K= 

TW*  DEG  K= 

X*  CM= 

RHDE*KG''M3= 

IJE*  M'  SEC= 

RH0EUE8  > M ' M£= 
RHDEUE  * K:G^M8SEC= 
RE*  M-l  = 

97309 

318.3333 

178.8888 

38.7858 

. 0788185 

643.9181 

38345.95 

50.33168 

6477771 

Y (CM:- 

Y/D 

T'TE 

M 

TO'TDE 

IJ/UE 

RE/REE 

. 00508 

. 0059074 
1.737785 

.6365394 

.6608315 

.8768483 
. 0951489 

0 069 088 

. 008034 

1 . 856596 

.6080398 

.6998187 

.8700643 
. 088875 

0084388 

. 0098068 
1.900185 

.6474876 

.7838114 

. 8938369 
. 0857709 

0 1 04648 

. 0181698 
1.984003 

. 6634437 
. 735736 

.3089637 
. 0864854 

0113798 

. 0138385 
1.916159 

.6987115 

.7398078 

.3184178 
. 0915191 

0 1 85984 

. 01 46503 
1.918758 

.7870173 

.743381 

. 33 1 0838 
. 0954538 

0 1 48336 

. 0178495 

1 . 908636 

.7750383 
. 7513961 

.3585075 
. 1080535 

. 015748 

. 0183189 
1.883874 

.8413087 

.755831 

. 38 0 1 56 1 
.1187388 

0176784 

. 0805577 
1.870608 

.8967784 

.7631888 

.403791 
. 1813194 

0 1 88976 

. 0819754 
1.866461 

.9884646 
. 7676858 

.4148995 
. 1851679 

0 1 96  088 

. 0888085 
1.844905 

.9738815 

.7718531 

.4358803 
. 1341467 

08 1 64  08 

. 0851654 

1 . 839889 

1. 011988 
.7790671 

.4519088 
. 1400001 

0844856 

. 0884735 
1.811545 

1 . 087858 
.7878188 

.4817715 
. 1535959 

RHO'-RHOE 

H 

.575465 

.£59744 

. 5386£01 
. 34599£9 

. 5£6£8 1 1 
. 398£66 

.5197497 
. 4£4£46£ 

.5£ 18773 
. 4318087 

. 5££8053 
.4407716 

. 5839344 
. 4583649 

.530881 
. 4680871 

. 5345873 

.4840447 

.5357738 

.4937846 

. 5480333 
. 5016876 

.5435888 

.5186519 

.558015 

.536399 
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Table  3 (continued)  Run  123 


• Uc6984 

. 0313091 

1. 146543 

.5046415 

. 55947 6'  i 

1.787384 

.7933519 

. 1649436 

. 5497744 

>J  -J •-*  8 be' 4 

. 0341446 

1. 168814 

. 5 1 387 06 

. 56 1 46  U 7 

1.781069 

.7968887 

. 1688701 

.5573498 

0 3 c!  1 056 

. 0373346 

1.880137 

.5385878 

. 5689845 

1.757517 

.8016184 

. 179594 

. 5677716 

0 348488 

. 0405846 

1.318181 

. 5666978 

. 586 3755 

1.705398 

■ 3 0 7*  3 5 1 3 

.808146 

. 5809898 

0 371 856 

. 043848 

1 • o t*  3 3 U 3 

. 583 1 1 8 

. 5953046 

1 . 679818 

. 31 09065 

.81 396 1 8 

. 588 08 07 

04 05  384 

. 0471408 

1 . 398698 

. 5988858 

. 599 3 ft 5* 

1 . 668374 

. 8 1 3889 

. 8800991 

. 5943878 

0489768 

. 0499764 

1 . 486653 

.6036555 

. 6 05  37  68 

1.651864 

. 8168908 

. 8885654 

. 601 0587 

• 0 4 5 r 8 

. 0531664 

1 . 449894 

.61 16835 

. 6089567 

1 . 648 1 53 

.8198  055 

. 8341798 

. 6074089 

0481584 

. 0560019 

1 . 45973 

.615183 

.610844 

1 . 638689 

. 8813785 

.8364544 

. 6 1 0883 

os  05868 

. 0588374 

1.479813 

.6817116 

. 6140498 

1.688534 

. 8830406 

• c!  4 1 1 6 8 1 

. 6144578 

0535438 

. 0688637 

1.513435 

. 638477 

. 68  059  08 

1.611368 

. 8857638 

. 85  09  0 06 

. 68  0 39  04 

0581158 

. 0675803 

1.519744 

.6354449 

.6199441 

1.613049 

. 8 8 8 1'1 9 5 1 

.8515843 

. 6869946 

06889 04 

. 0731333 

1 . 538498 

.641 8 1 35 

. 6887988 

1.6  0567 

.8314774 

. 8563059 

. 6388386 

o-  >16816 

. 0798677 

1 . 560058 

. 6496894 

. 685 05  36 

1 . 599863 

. 8359885 

. 86 1 8 0 1 8 

. 6486539 

0 7 37616 

. 085775 

1.594767 

. 660896 

. 638844c' 

1.581667 

. 8386498 

.8718713 

. 6484639 

0794518 

. 0983913 

1.605164 

. 6648765 

. 6 3886 1 6 

1.580184 

.8415863 

.8734091 

. 654  r 3 8 c! 

0 94 1 848 

. 0978861 

1 . 685735 

. 67  09 1 99 

. 6363988 

1 . 571356 

.8441973 

. 879056 

.6605515 

" >1 3464 

. 1 068053 

1 . 646  0 1 8 

. 68 0978 1 

.6338541 

1.579145 

. 8557483 

. 88  06  085 

.6857177 

1 019048 

. 1185019 

1 . 675837 

. 6906573 

.6381853 

1.56709 

. 8601871 

. 888748 

. 6958579 

1 151188 

. 1338611 

1.708083 

. 6985958 

. 6478988 

1 . 543467 

. 8589767 

. 3005603 

. 69875 1 6 
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Table  3 (continued)  Run  123 


1 £89 3 04 

. 1499291 
1.530831 

1.748905 

.867152 

.7123829 
.31 12943 

. 65324 
.7105632 

1408176 

. 1637524 
1.517296 

1.784819 

.8730205 

.7237907 

.3216422 

.6590672 
. 7233488 

1 555496 

. 1808837 

1.503814 

1 . 822533 
.8796441 

.7357937 

.332555 

. 6-64976 
.7377798 

1678432 

. 1951796 
1.49134 

1.851852 

.883641 

. 7445233 
.3418612 

.6705379 
. 7464878 

. 181356 

.21 08932 

1.477861 

1.884404 

. 8882889 

.7541792 

.3523193 

• 6766536 
.7566142 

1941576 

. 2257798 
1.471346 

1.912707 
. 895488 

.7638175 
. 3598315 

. 6796496 
. 772299 

£18  0 336 

. 2535444 
1.449127 

1 . 966836 
.9033559 

.7794805 
. 3780024 

.69007  04 
. 7894407 

£475992 

. 2879253 
1.423159 

2. 036557 
. 9150898 

.7998471 

.401492 

. 8150056 

£754376 

.3202977 

1 . 395889 

2. 094318 
. 9209669 

.8146138 

.4243152 

. 7163892 
.8278101 

3 0165  04 

.3507798 

1 . 373353 

2. 148313 
. 9315923 

. 83  035  07 

.4431167 

.7255034 
. 8509597 

3279643 

. 38138 

1 • 36833 

2. 189251 
.9418967 

. 8430913 
.4562599 

.7308181 
. 8734099 

. 354 076 

.4117439 

1 . 337631 

2.246123 
. 9444826 

. 8552348 

.4834641 

.7475903 
. 8790439 

381 £032 

. 4432892 

1 . 323874 

2.297516 
. 956499 

. 87 0293 1 
.5018709 

. 7553589 
.9052241 

4077208 

.4741257 

1 . 297922 

2.348776 

.9594778 

.8809468 

.5277994 

.7704623 

.911714 

.432816 

. 5033081 
1.280387 

2.397974 
. 9675328 

. 8933029 
.5494682 

. 78 10141 

. 9292634 

4bc'6y64 

.5380435 

1.260032 

2.450967 

.9749104 

.9057575 

.5746989 

. 7936308 
. 9453371 

485 0384 

.5640359 

1.245799 

2.487874 

.9798601 

.9141892 

.5929806 

.802698 

.956121 

5134864 

.5971172 

1.222573 

2.541833 

.9849151 

.9252692 

.6225388 

.8179473 

.9671344 

5409184 

.629017 

1. 19965 

2.59509 

.9895184 

. 935758 
.6532588 

. 8335762 
.9771636 

5653024 

.6573724 

1 . 1 78488 

2.640884 
. 991925 

. 9438338 
.6822128 

.848545 
. 9824069 
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Table  3 (continued)  Run  123 


. 5937504 

. 6904537 

8.70418 

. 955367 1 

. 868 3568 

1 . 1516 

.9966808 

. 7884865 

. 998768 3 

.68  11824 

. 7883535 

8.768788 

. 967678 1 

. 887 8988 

1.187017 

1 . 003387 

. 76348 

1 . 007379 

. 6 3c 3584 

. 7353497 

8.800818 

. 9738457 

. 8976195 

1.1 14058 

1 . 005848 

. 78556 06 

1 . 018748 

. 6465884 

.7518904 

£ • 8 3 5 0 7 8 

. 9765484 

.9135019 

1 . 094688 

1 . 003817 

.8159694 

1 . 007009 

.6618884 

.7696185 

8 . 86898 

. 98 1 6557 

. 9819038 

1 . 084718 

1. 006197 

.8358075 

1.01 35  0 1 

. 6789984 

. 7886  087 

8. 884983 

. 9846488 

. 9304473 

1 . 074758 

1 . 006513 

.8531786 

1.01418? 

. 6668 064 

. 7979679 

8 . 9 036  0 1 

. 98558 1 9 

. 94071 03 

1 . 063087 

1 . 003585 

• 8 ('  c r'  *4  -< 

1 . 00781 

. 6994 1 44 

. 8 1 3387 

8.984518 

. 9895 1 69 

. 9467334 

1 . 056864 

1 . 006848 

.8873851 

1.01 36 1 3 

. 7 1 86884 

. 8886668 

8 . 94  05 0 1 

. 99807 

. 958 1 938 

1 . 0508  06 

1. 0074 

. 8998848 

1 . 016183 

. 7868464 

.8458868 

8.957801 

. 9985984 

. 968 0868 

1 . 039478 

1 . 0043 

. 9 1 89 1 79 

1 . u 09 369 

. 7400544 

. 860586 

8.974601 

. 9946946 

. 96987 1 8 

1 . 03 1 7 03 

1 . 004879 

. 9347  03 

1 . 009383 

. 7588464 

. 8747637 

8 . 985684 

. 996-3788 

. 9731815 

1 . 087558 

1 . 004989 

.94381 05 

1.01 087 

. 7664704 

.891 3 043 

6 . 9966 U9 

. 9974175 

. 9783034 

1 . 088178 

1 . 004449 

. 9547856 

1 . 0 09693 

. 7796784 

. 9 1 1 K A ! -!  ri 

3. 006775 

. 9998381 

. 98 1 3667 

1.01 8987 

1 . 005685 

. 9684433 

1.01 8387 

. 7939084 

. 9638048 

3. 015358 

. 9984878 

. 9884574 

1 . 011677 

1. 008144 

. 97568  07 

1 . 004678 

. 8050784 

. 9368004 

3. 088353 

. 9886353 

. 9987593 

1 . 007894 

1. 000794 

. 9848537 

1 . 001731 

.8813344 

.955104 

3. 087018 

. 9999983 

. 9931093 

1 . 0 06938 

1 . 0 08436 

. 98689  07 

1 . 0053  08 

.8345484 

.9704631 

3. 030889 

. 998095 

. 9994561 

1.000544 

. 9977886 

.997011 1 

.995  0388 

. 34775  04 

. 9858883 

3. 033987 

. 999787 

.9981135 

1. 00189 

1 . 000388 

. 9960844 

1 . 000845 

. 599484 

1 

3. 037856 

1 • 0 U 1 3 3 3 

. 9975684 

1 . 008444 

1. 008596 

. 99647  06 

1 . 0 OS 6 56 
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Table  3 (continued)  Run  123 


8741664 

1. 016541 

1 . 001888 

3. 038689 

1. 001771 

1.001016 

.9984459 

8853484 

1 . 089537 
.9989971 

3. 040948 

1. 000469 

1 . 000633 
1 . 00864 

8995664 

1.046077 

1 . 004038 

3. 040948 

1. 005511 

1.003151 

.9951843 

9 1 1 7584 

1 . 060855 

1 . 008714 

3. 048493 

1.01 0866 

1 . 0 05998 
.9887871 

9859884 

1 . 076796 
. 9990814 

3. 048493 

1. 001153 

1 . 0 0 1 1 53 
1 . 0 03 1 1 3 

9418884 

1 . 094518 
. 9938868 

3. 048493 
.9959473 

. 9985478 
1.010977 

9554464 

1.111 059 

. 9957448 

3 . 04558 
.9991849 

1 . 000584 
1 . 009084 

9696704 

1.187599 
. 9989974 

3. 04558 

1 . 008449 

1 . 0 08 1 57 
1 . 004167 

I'ELSTRR*CM= 
THEIR*  CM= 

RE  THETR= 

.8689874 
. 0611951 
3964. 077 

. 9987135 
1 . 003859 

1 . 001 004 
1 . 001081 

. 995984 1 
1. 018007 

.9913618 
1 . 083675 

1 . 00098 
1 . 008518 

1 . 0 068 1 8 
. 99 11704 

1 . 004873 
.9988841 

1 . 0 0 1 0 04 
1 . 005335 
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Table  3 (continued)  Run  131 


MEfiM  FLDW  PROFILES 

P0,M- /M2* 

TO, DEG  K= 

TM, DEG  K* 

X,  CM= 

RHdE»KG/tl3* 

UE,M'SEC= 

RH0EUE2 » M/M2= 
PHDEUE*  KG^M2SEC  = 
RE, M-l= 


V • C M 1 

YD 

T 'TE 

. 00508 

. 0052854 
2.501346 

. 008128 

. 0084567 
2 . 486652 

.01016 

. 0 1 057 08 
2.479707 

. 013203 

. 0137421 

2 . 423634 

. 01524 

. 0158562 
2 . 4 09852 

. 013288 

. 0190275 
2.358166 

. 021336 

. 0221987 
2.290968 

. 024384 

. 02537 
2.270273 

. 026416 

. 0274841 

2.213836 

. 029464 

. 0306554 
2. 166042 

RUM  MD  131 

97309 

318.3889 

298.8889 

42.5196 

. 0809837 

640.8831 

33177. 05 

51.86932 

6530758 


M 

1 ).--l  IE 

PHD  RHDE 

TO-  TOE 

RE  / REE 

H 

. 4902074 

.2592958 

. 3997848 

. 9402954 

. 0462032 

. 0480427 

.5135562 

.2734841 

■ *4  U c'  1 *4  r c! 

. 9393727 

. 0492503 

. 0413041 

.532029 

.2801975 

.4032734 

. 9397657 

. 0507111 

. 0395983 

• 8^7,3  058 

. 3372928 

. 4126036 

. 9422633 

. 063585 1 

. 0794279 

.6726737 

. 3492436 

. 41 49633 

. 9425823 

. 06651 19 

. 0845066 

.7650363 

.3929145 

. 4240583 

. 9448298 

■ U i‘*  i‘  i*’  3 4 

. 12  034 1 2 

.8763317 

. 4436 1 56 

. 4364967 

.9479275 

. 0924994 

. 169733 

.9076935 

.45741 15 

. 4404757 

. 9484767 

. 0969445 

. 1784893 

. 9946475 

.4949607 

.4517047 

.951168 

. 1 09769 

.2214014 

1 . 065654 

.52454 

■ 46 16i'  1 »-* 

. 9533652 

. 1210063 

. 2564339 
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Table  3 (continued  ) Run  131 


032512 

. 0338266 

1. 103903 

.5400251 

. 4674028 

2. 139482 

.954411 

. 1273916 

.273109 

034544 

. 0359408 

1. 12975 

.5503243 

.4713952 

2. 121362 

.9551 138 

. 1318376 

.2843145 

036576 

. 038055 

1 . 16498 

.5641707 

. 47695  06 

2. 096653 

.956148 

. 1380583 

. 3008039 

039624 

. 0412262 

1. 198799 

.5771896 

.4825179 

2. 072462 

.9570007 

. 1442538 

. 3 1 43995 

0 39624 

. 0412262 

1.229511 

.5889171 

. 4875445 

2. 051095 

.9581072 

. 1 49986 

. 3320421 

044704 

. 04651 16 

1.244502 

. 5943727 

. 4903783 

2. 039242 

. 9579958 

. 1529815 

.3302661 

047752 

. 0496829 

1.270202 

. 6 03822 

.4949773 

2. 020295 

.9584611 

. 1580802 

. 3376853 

049784 

. 051797 

1.293503 

. 6 1 22839 

. 4992141 

2 . 0 03 1 49 

. 95891 07 

. 1628078 

.3448544 

054864 

. 0570825 

1.321502 

. 6*22 1 6 1-'  5 

. 5046362 

1 . 981626 

.9590156 

. 1687328 

. 346526 

059944 

. 0623679 

1 . 338648 

. 6280594 

.5081467 

1 . 967936 

. 9588295 

. 1725037 

. 3435591 

065024 

• 0676533 

1 . 367223 

. 63795  08 

. 51 376 1 8 

1 . 946427 

. 9591459 

. 1787812 

. 3486042 

. 07112 

. 0739958 

1 . 39 1 876 

. 6463336 

.5187269 

1 . 927797 

.9593721 

. 1843531 

. 35221 04 

. 0762 

. 0792812 

1.417639 

. 6550528 

.5238854 

1.908815 

. 9598366 

. 1902624 

. 3596166 

08  0264 

. 0835095 

1 . 433477 

. 66  03297 

.5271299 

1 . 897066 

. 96  0 074 

. 1939826 

. 3634  02 

• uy636 

. 089852 

1.449124 

. 6654588 

.5304277 

1.885271 

.9602046 

. 1977434 

. 3654838 

. 09144 

. 0951374 

1.469189 

.6720499 

. 5345767 

1.870639 

. 96  06 1 02 

.2025853 

.3719508 

. 09652 

. 1004228 

1 . 483472 

. 6766825 

.5375844 

1.860173 

. 96  08633 

.2061 

. 3759874 

1 00584 

. 1 046512 

1.501678 

.6825834 

.5413768 

1.847142 

.9613334 

.2106079 

. 3834828 
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Table  3 (continued)  Run  131 


. 1 0668 

. 1 1 09937 
1.835309 

1.518151 

.9617239 

.6878571 

.2147657 

1 13776 

.1173362 

1.819822 

1.540295 

.9624504 

. 6949397 
.2203977 

. 1 1684 

. 1215645 
1.810696 

1.553411 
. 9628943 

. 6990978 
.2237854 

. 13192 

. 1268499 
1.809688 

1.554861 

. 9629433 

. A995554 
. 2241624 

128016 

. 1331924 
1.795703 

1 . 574999 
.9636211 

.7058726 

.2294546 

141224 

. 1469345 

1 . 767463 

1.61582 

.9649816 

.7184508 

.2405 

154432 

*'  .1606765 
1.754018 

1.635119 
. 9655349 

.7242611 
. 2459026 

. 16764 

. 1744186 
1.727277 

1.674279 
. 9668726 

.7359317 
. 2570963 

1 3 1 864 

. 1892178 
1.708415 

1.703366 
. 9683547 

.7446177 

.2654982 

. 1 98 1 2 

.2061311 

1.701589 

1.715096 
. 969381 

. 7482466 
.2687879 

. 20328 

.2167019 

1 . 685722 

1 . 739574 
.970567 

. 7553736 
. 276 1 286 

^504 

.2315011 

1 . 664554 

1.772467 

.9721735 

.7648141 

. 2862482 

835712 

.2452431 

1.643892 

1.804704 

.9737051 

.7738761 

.2964801 

. 84892 

.2589852 

1.625377 

1.833914 

.9751304 

.7819604 
. 3059961 

262128 

.2727273 

1.606527 

1 . 863815 
.9765637 

. 7900881 
.31601 07 

276 352 

.2875264 

1.587452 

1 . 894374 
.9780469 

. 79826  08 
.3265189 

833544 

.3002114 

1.567985 

1 . 925562 
. 9794539 

. 8 064 127 
. 3375937 

.544867=. 
. 3897093 
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Table  3 (continued)  Run  131 


3 0 1 75£ 

.3139535 

1 . 952843 

.81 34632 

. 6446387 

1.551257 

.9807783 

. 347492 

. 69352  02 

3 1 3944 

. 3266385 

1.975274 

.3191965 

. 6503338 

1.537672 

. 9819089 

.3557913 

.711547 

327152 

.3403805 

2. 014996 

.8290241 

. 6608028 

1.513311 

. 9835592 

. 37 1 08  03 

. 73786  06 

. 34036 

.3541226 

2. 044247 

.3361699 

. 6685^19 

1 . 49577 

. 984899 

. 3826226 

. 7592233 

352552 

.3668076 

2. 074297 

.8433541 

. 67667  4 1 

1.477816 

.9861976 

. 394838 

. 7799282 

366776 

. 3816068 

2.  108101 

.8512674 

. 6859752 

1 . 457779 

.9876107 

.4039992 

. 8024599 

. 381 

. 3964059 

2. 135163 

. 8578338 

. 69296  02 

1 . 443084 

. 989543 

.4201665 

. 8332683 

39 3 1 92 

. 4090909 

2. 165959 

. 8649012 

. 7014956 

1.425526 

.9910479 

. 4336084 

. 8572642 

. 4 064 

.422833 

2. 194304 

. 87  09684 

.7099805 

1 . 4 08489 

.9916917 

.4467691 

. 8675287 

433832 

.4513742 

2.251868 

. 8834379 

.7267609 

1 . 375968 

.9940571 

.4738403 

. 9052433 

461264 

.4799154 

2. 309897 

. ft9*S6919 

. 7439197 

1.344231 

. 9966547 

.5023731 

. 9466612 

49:-:  A 9 6 

. 5084567 

2.370228 

.9075253 

. 7629929 

1.31 0628 

.9982874 

.5343812 

. 9726944 

515112 

.5359408 

2.426348 

. 9188336 

.7799921 

1 . 282064 

1. 001287 

. 5645099 

1 . 020527 

541523 

. 5634249 

2.486556 

.9295484 

. 8004054 

1.249367 

1. 002261 

• 8 U 0 3 366 

1 . 03605 

566928 

.589852 

£.51745 

. 9347998 

.81 12265 

1.232701 

1 . 002562 

.6196453 

1 . 040854 

593344 

.6173361 

£.537916 

.9470326 

. 8352722 

1.197214 

1 . 004597 

.6644152 

1 . 073301 

6 U7568 

. 632 1 353 

£.61703 

.9518816 

.8454912 

1.182744 

1 . 005312 

■ 6833268 

1 . 0847 03 

.61 976 

.6448203 

£.649457 

. 9569736 

■ 85  r’  7 85 

1.166349 

1. 005665 

.7064699 

1 . 090328 
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Table  3 (continued)  Run  131 


6 32968 

. 6585624 

2.677099 

. 96 1 0698 

.8679138 

1.152188 

1. 005625 

. 7266382 

1 . 089685 

►47192 

. 67336 15 

2.700461 

. 964355 

. 87712  09 

1.140094 

1 . 005343 

. 7443399 

1 . 085 1 98 

r,  S 9 4 

. 6860465 

2.726775 

. 9682497 

. 387 1 1 85 

1.127245 

1 . 005562 

.7641353 

1 . 088685 

►■72592 

. 6997886 

2.752695 

.9721435 

. 8968361 

1.115031 

1. 006027 

. 7837924 

1 . 096092 

- 6358 

. 7135306 

2.772789 

. 9749079 

. 9048242 

1.105187 

1 . 005948 

. 7998405 

1 . 094834 

89900fl 

.7272727 

2 . 7983 1 6 

.978351 

.915086 

1 . 092794 

1 . 005816 

.8206784 

1 . 092725 

713232 

. 7420719 

2. 822845 

.9815907 

. 925  06 1 9 

1. 081009 

1 . 005661 

. 84 1 1 792 

1 . 090257 

7 87456 

. 756871 

2.847181 

. 9844528 

.9356167 

1 . 0688 1 4 

1 . 004895 

. 8627336 

1 . 073054 

739848 

. 769556 

2 . 863289 

. 9862958 

. 9427 

1 . 060783 

1 . 004344 

■ y r t"'  I*  cL  5 

1 . 069867 

753872 

. 7843552 

2 . 886379 

m 9 S 9 1 3 8 8 

. 95237 07 

1 . 050011 

1 . 004146 

. 8978431 

1 . 066 1 0 1 

. 76708 

. 7980972 

2 . 899385 

. 990467 

• 95849 39 

1 . 0433 03 

1 . 003363 

. 91 04847 

i . 053617 

781304 

.8128964 

2.91917 

. 9925322 

. 96758 05 

1 . 033506 

1 . 002475 

. 929607 

1 . 039462 

794512 

. 8266385 

2. 935057 

. 9940908 

. 975  0764 

1.025561 

1.001611 

. 9454337 

1 . 025687 

. 80772 

. 84  038 05 

2.947107 

. 9950764 

. 981 1529 

1.019209 

1 . 00059 

.9581195 

1 . 0 09411 

32 0928 

.8541226 

2 . 9576 1 3 

. 9959822 

• 9 3 3 4 

1 . 013825 

. 9998 1 55 

. 96914  09 

. 9970584 

. 83312 

• 8668 076 

2.965843 

. 9967929 

. 9902484 

1.009848 

. 999425 1 

.9775401 

. 9908339 

4 7 344 

.8816068 

2.974797 

. 99766 1 1 

. 9945031 

1.005527 

. 998986 

. 986773 

. 9838327 

Table  3 (continued)  Run  131 


868584 

. 837463 
1.001342 

2.381435 
. 3376333 

. 3378245 
.3351631 

. 9986597 
.9632314 

• 87  376 

. 3030303 
. 3334833 

2.385353 
. 3377558 

.3383317 
. 3334068 

1 . 00051 
.9642179 

885352 

.3217753 
. 3373374 

2.331146 

.3378276 

. 3330505 

1. 00437 

1 . 00267 
. 9653628 

. 83316 

.335518 

.3361113 

2. 3341 03 
. 3378684 

. 3334254 
1.007212 

1 . 003904 
• 966  0 1 36 

31 2368 

. 34326 
. 33674  06 

2.332628 
. 3378648 

. 9992465 

1 • 0 057 66 

1 . 00327 
. 9659553 

326532 

. 3640532 
. 3345332 

2.33781 
. 3373357 

. 3339003 
1.010747 

1 . 00543 
.9670857 

. 3333 

.3778013 

.3342341 

2.338543 
. 3373453 

. 999994£ 

li 011459 

1 . 005739 
. 9672489 

358003 

.3315433 
. 33367 

3. 000028 
.3373518 

1. 000173 
1.012907 

1. 00637 
. 967343 

36 1 1 36 

1 

. 3333654 

3. 000767 
. 33736 1 3 

1 . 000266 

1 . 013621 

1 . 006679 
.9675043 

DELSTRRj CM= 
THETRj  CM= 

RE  THETR= 


. 3035885 
. 0584313 
3816. 043 
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Table  3 (continued)  Run  132 


MEAN  FLOW  PROFILES* 

RIJN  NO  1 3 

P0*N--M2= 

97309 

TO. DEG  K= 

318. 3333 

TI.U  DEG  K= 

cc  r • i‘  ('  r’  o 

X*  CM= 

42.5198 

RHOE  * KG  - M3  = 

. 08 17081 

IJE  « M-'SEC= 

8 4 0.  7 8 4 8 

RHDEUE2  * N - M2= 

33481 . 08 

RHOEUE*  KG  M2SEC= 

52 . 32 1 38 

RE*M-1  = 

88 1 595 0 

V .CM.) 

Y-'D 

M 

IJ  - IJE 

RHD-'RHDE 

T.--TE 

T0-' TOE 

PE -REE 

H 

. 00508 

. 0058548 

.4523192 

.220455 

. 46899  34 

U • 1 JllCcb 

. 794  0295 

. 0522857 

. 2759442 

0078232 

. 0087084 

.5515759 

. 2699475 

. 4651237 

2. 149988 

.815984 

. 1.1  K -111  h,  'r* 

. 3530515 

0 092458 

. 0 1 029 1 8 

. 626696 

. 3054498 

. 468976 

2. 132305 

. 8227658 

. 0724392 

. 3769611 

0 1 028 1 8 

. 0114228 

.7049318 

. 34 1 4 1 68 

. 4749421 

2. 10552 

. 828 1 252 

. 0828474 

. 3958022 

. 011884 

. 0130081 

.764  3 3 1 2 

• s'  y IJ  7 4 

. 480406'-' 

2. 081589 

. 83 1 7 0 35 

. 09 1191 8 

. 4 0838 1 1 

0 1 3 0 048 

. 0144784 

.8174  3 06 

. 3913683 

. 4b'6  Oc'68 

c'  • U 5 1’’  5 

. 83445 1 4 

. II '5s  II  ;|S 

.418  04 08 

0 1 4 3258 

. 0 1 59488 

. 8655 j3c 

• 4 1 c i 1 6 1 

. 4800043 

2. 040798 

. 8395041 

. 1 060008 

. 4358027 

0 1 58484 

. 0174189 

. 9 06595 

. 4 3 05309 

. 4 8 4 00  ft  5 

elm  0c'4c'5(' 

• 8438338 

• 1 1 lL  CL  C 3 C 

. 4489141 

O 1 84592 

. 0183218 

. 9475 1 36 

. 4476553 

. 4991141 

2. 00355 

.8454841 

. 1189038 

. 4568246 

0 1 8 0848 

. 02  0 1312 

. 9907587 

. 4658258 

. 5 0397  05 

1 . 984243 

. 8492373 

. 1259391 

. 4700183 

0 1 89992 

. 0211491 

1 . 021273 

. 4784041 

.5077035 

1 . 989654 

. 85 1 6456 

.131 0976 

. 4784843 

o.3  07284 

. 0230717 

1 . 057237 

. 4932375 

. 511857 

1.953671 

. 855 1 842 

. 137194 

. 4909236 

0217424 

. 0242027 

1 . 082408 

.5033821 

.5151132 

1.941321 

. 8572593 

. 1416525 

. 4982 1 82 
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Table  3 (continued)  Run  132 


0234696 
. 024384 
0263144 
0271272 
. 028956 
0 3 07848 
0341376 
0 364744 
0392176 
0418592 
0450088 
0468376 
0499872 
0530352 
056 1 848 
058  3 1 84 
0607568 
0666496 
0712216 
0765048 


. 0261253 
1.927568 

. 0271432 
1.919632 

. 029292 
1.898586 

. 0301968 
1.890189 

. 0322325 
1 . 87784 

• 0342683 
1 . 8 6 5 1''  4 1-' 

. 09ft 00 05 

1.851449 

. 04  06  0 1 7 
1 . 8337 

. 0436553 
1 . 825009 

. 0465958 
1.815634 

. 0501018 
1.8018  06 

. 0521375 
1.791388 

. 0556435 
1.781443 

. 0590364 
1 . 772657 

. 0625424 
1 . 765056 

. 0649174 
1 . 76  05 1 1 

. 0676318 
1 . 75658 

. 0741914 
1 . 749757 

. 07928  07 

1.74941 

. 0851617 
1.743731 


1.113201 

.8605111 

1.130246 

.8622206 

1. 171335 
. 8656 1 39 

1. 187225 
.8668547 

1.21054 

.8687025 

1.233281 
. 8705269 

1 . 262794 
. 8736 1 49 

1.295003 
. 8760488 

1.312484 

.8778491 

1 . 32969 
. 8792453 

1.351675 

.8801487 

1 • 366654 
. 8802789 

1 *_  ?8 1 44' 7 

. 8805737 

1 . 396  06 1 
. 8813793 

1.410505 

.8827194 

1.421624 

.8844135 

1.434215 

. 8869579 

1 . 459035 
.8925031 

1.469748 
. 8962536 

1.49305 

.9019578 


.5158659 
. 14707  08 

. 5226853 
. 1501476 

.5387091 
. 1579167 

. 5448  085 
. 1610115 

. 5536898 
. 1656219 

. 562272 
. 17  02021 

.5735174 
. 1760851 

. 58531^6 
. 1829313 

. 5918132 
. 1865905 

.5980298 
. 1903536 

.6055979 
. 1955071 

.61 05365 
. 1992281 

.6154296 

.2029062 

. 62  04  047 
.2064293 

.6254779 

.2097823 

. 6295967 
.2121761 

. 634463 1 
.2147049 

.6441881 

.2195765 

. 6488539 

.2212484 

. 6580704 
.2257504 


.5187884 

.5096493 

.5209331 

.5156589 

.5267079 
. 5275876 

.5290475 
. 5319493 

. 5325266 

.5384451 


.5401175 

.5557139 

. 5453456 
. 5642698 

. 5479424 
. 57  05983 

.5507719 
. 5755065 

. 5549987 

• 5 7 86823 

. 5582264 
.5791401 

.5613427 

• 58  U 1 1'  64 

.5641249 

• 583  0 088 

. 5665542 
.5877192 

.5680168 
. 59367  46 

. 5692879 
. 6 026 1 9 

.5715078 

• 622 1 1 22 

■ 5 1 1 68 1 3 
. 6352963 

.5734831 
. 6553486 
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Table  3 (continued)  Run  132 


0 16864 

. 0909297 

1.51 2534 

. 6649976 

.5763503 

1.735056 

. 9047406 

.2302507 

. 665 1312 

. 086868 

. 0966-976' 

1.528802 

.6690129 

.5817682 

1.718898 

. 9 024  0 0 1 

.2357071 

. 65690  35 

1 0 0 1 776 

• 1115132 

1.570785 

.6800451 

. 5943944 

1 . 686385 

. 8988959 

. 2493743 

.6445851 

1 1 35888 

. 126442 

1.611545 

. 69372 07 

. 6 0 12176 

1.663291 

. 9 04 1 3 1 

. 2598689 

. 666988 

! 66*952 

. 1410314 

1 . 647 1 29 

• i 1145  ( a r 

. 6088532 

1.642432 

. 9 064 1 95 

. 67  06  393 

.671 0331 

1405128 

. 1564126 

1 . 68 0676 

.7140143 

. 6 1 69695 

1 . 620866 

. 9072864 

. 28  07359 

. 6740805 

1 5 3 1 44 

. 1706627 

1.711 958 

. 7240094 

. 6ccS^4c' 

1 . 6 054 09 

.911 0 02 1 

. 2898 1 48 

• © © »■  14c  c 

1 - 7 0 3 04 

. 18593  08 

1.746543 

. 7 8667 4 

• ©c©'C‘©©‘r* 

1.595159 

. 9 1 88374 

. 6986901 

. 7 1 46862 

l 3 8 5 8 8 

.2157883 

1 . 814761 

. 756886 1 

. 6404633 

1.561 37 

.9265157 

. 3192408 

. 7416779 

- ■ ij  0656 

. 2449672 

1 . 8 r 6>  { 8 r" 

. 7749488 

. 6534322 

1.530381 

. 9331994 

. 3394523 

. 7651734 

64648 1 6. 

• 6 - 4 -■  i'  6 3 

1.941218 

. 792587 

• 6682996 

1 . 496  3 35 

. 9387765 

. 8*66655 

. 7847786 

8729996 

. 3038905 

1 . 994 7 0 1 

. 8070333 

. 68 05956 

1 . 4693  01 

. 9439464 

. 3818399 

. 8029527 

6 486 084 

. 3323909 

2. 053174 

. 82371 01 

.6921805 

1 . 44471 

.9526149 

.4024303 

. 83  34253 

3650184 

. 36 1 796 

2. 1 08144 

.8371581 

. 7064831 

1.415462 

. 9564961 

. 4252448 

. 8470691 

. 515  36 

. 3913142 

2.  166757 

. 8520409 

. 7204701 

1 . 387983 

. 9628 1 1 2 

. 44931 12 

. 8692687 

. 78968 

.4218503 

2.224785 

. 8658278 

. 7355794 

1 . 359473 

. 9678225 

. 4750846 

.8868851 

4149776 

.450803 

6.6 8 1 8 6 1 

. 8794509 

. 7 496626 

1 . 3339  33 

. 9739557 

. 50 04442 

. 9084456 

4 60032 

. 4808867 

2. 341 177 

. 89238 1 

. 7668  04 

1 . 3 04 1 1 4 

. 978 0 0 1 6 

. 5 3 03773 

. 9826681 

489  64  1 6 

.51 18751 

6 . 8968 

. 9 06  0 1 5 

. 7796674 

1 . 282598 

. 986  05 1 5 

.5560391 

. 95  09663 

. 4 56  1 56 

. 5411672 

2. 455657 

. 9166566 

. 7995364 

1 • c’T*  0 r c j 

. 987 \ 057 

. 59  0625 1 

. 9546722 

Table  3 (continued)  Run  132 


.511556 

.5381752 
. 5640832 
. 5804992 
. 6169152 
.6311 392 
.6443472 
. 6575552 
.6717792 
. 6849872 
. 698 1 952 
.7124192 
• i 2562 1’  2 
.7388352 
. 7520432 
. 7662672 
. 7794752 
.7947152 
. 8048752 
. 3180832 


.5694413 

1.228779 

.5990726 
1 . 1 95758 

.6279122 

1.173724 

.6573173 

1.149215 

. 6867225 
1 . 1 26673 

.702556 

1.116735 

.7172585 
1 . 1 04381 

.7319611 
1 . 093655 

.7477946 
1 . 081953 

. 7624972 
1 . 07 1 88 

. 7771997 
1 . 0653 06 

. 7930332 
1 . 057979 

. 8077358 
1 . 04648 

. 8224384 
1.037199 

.8371409 
1 . 036041 

. 8529744 
1 . 03267 

. 867677 
1 . 025984 

.8846415 

1.017917 

. 89595 1 1 
1.015853 

.91 06537 
1. 012208 


2.51054 
. 9937494 

2.570474 
. 9930988 

2. 625439 
.9987842 

2.67981 
1 . 001647 

2.731612 
1 . 004598 

2.757374 
1 . 007035 

2 . 78  053 
i . 006028 

2.8  06668 
1 . 007685 

2. 828672 
1 . 006502 

2.850522 
1 . 006648 

2. 869585 
1.  008786 

2.886423 
1. 009184 

2.904686 
1. 006135 

2.923594 
1. 005391 

2.934133 
1 . 008844 

2.943886 
1. 009797 

2. 958831 
1. 009736 

2.968508 
1 . 005974 

2.972221 

1.005538 

2.979636 

1.005126 


. 9288856 
.6194062 

. 9381948 
. 6596495 

! 692 1768 

.9588769 

.7285452 

.9677792 
. 7644263 

. 972588 
.7817096 

.9753158 

.8012388 

.9796918 

.8204489 

. 982076 
■ 84  0 075-3 

.9850441 

. 8583 1 83 

. -398586 
. 87 1 94  03 

. 99  096 1 3 
. 8860472 

.9917972 
. 9061904 

. 9938 1 69 
. 9242 133 

. 9968422 
. 929083 

. 9985272 
. 93669 1 4 

1 . 000343 
.9505735 

. 9996606 
. 9649438 

. 999896 
. 9690743 

1 . 00059 
.9767057 


. 8138159 
. 9780272 

. 8362895 
.9757401 

.8519887 
. 995726 

.870159 
1 . 005788 

. 8875686 
1.0161 6 3 

. 8954677 
1 . 02473 

. 9 054848 
1 . 02 1 1 89 

. 9143648 
1 . 027015 

.9242541 
1 . 022858 

. 93294  0 3 
1 . 02337 1 

. 9386976 
1 . 030886 

.9451987 
1 . 032287 

. 9555845 
1 . 021567 

.9641351 
1. 01895 

.9652127 
1 . 03 1 09 

. 96836  36 

1. 034441 

.9746738 
1 . 034226 

. 9823982 

1 . 02 1 0 0 1 

. 9843942 
1. 019468 

.9879391 
1 . 01802 


Table  3 (continued)  Run  132 


312912 

. 9£53563 

£.984816 

1 . 0 0£596 

.9874141 

1. 01£746 

1. 007899 

.9776893 

1. 0£7768 

444992 

.9400588 

£. 989£49 

1.004577 

. 9864474 

1.013739 

1. 010808 

.9776541 

1 . 037993 

587£3£ 

. 95589£3 

£. 99££01 

1.0  03£65 

.9909844 

1 . 009098 

1. 007455 

. 98533£3 

1.036207 

7 09 1 5£ 

. 9694639 

£. 99££01 

1 . 0 03 1 06 

.991297 

1 . 008779 

1. 007137 

. 9857956 

1. 02509 

841232 

.9841665 

£. 9966£4 

1 . 0 0 1814 

. 996797 

1 . 003213 

1 . 003482 

.9954314 

1.012239 

9834 7£ 

1 

£.99736 

1 . 0 01 8£4 

. 9972664 

1 . 0 0£7 4 1 

1 . 0033£6 

. 9963757 

1.011692 

1 1555£ 

1.014703 

£. 998833 

1 . 0 0££57 

.9973842 

1 . 00£6£3 

1. 003841 

.9970408 

1.013502 

146032 

1.018095 

£.99736 

1 . 0 0£ 09£ 

. 9967325 

1. 003£78 

1 . 003863 

. 99558 

1.013581 

DELSTRR>CM= 
THETfi » CM= 

RE  THETR= 


. £764£4£ 
. 0583841 
3862 . 663 


Table  3 (continued)  Run  133 


MERN  FLOW  PROFILES*  RUN  NO  133 


P0*N'M£= 

973  09 

TO* DEG  K= 

318.8889 

TW* DEG  K= 

178. £888 

X * CM= 

4£ . 5 1 96 

RHDE*KG-'M3= 

. 0885348 

UE*M'SEC= 

64  0. 5367 

RH0EUE8  * N/M8- 

33775.73 

RHDEIJE*  KG-M8SEC= 

5£ . 83385 

RE*  M-l  = 

663948£ 

V <CM> 

Y-'D 

M 

1 \/\  IE 

RHO.-RHOE 

T/TE 

TO-  TDE 

RE' REE 

H 

. 00508 

. 00581 06 

1. 084466 

.4138968 

. 6873488 

1 . 454867 

• 638583 

. 1996585 

.801 1464 

0 065 0£4 

. 0074375 

1.019615 

.4150975 

. 67698 08 

1 . 477£78 

.6418745 

. 194509 

. 88  0 0439 

0078£3£ 

. 0089483 

1 . 086877 

.4199817 

.6709187 

1 . 490507 

. 6486  094 

. 1934748 

.8359916 

0087376 

. 009994£ 

1.041147 

. 4885059 

. bt'COjc  / 

1.509815 

. 660814 

. 1986817 

. £618888 

0 1 04648 

. 01 1R698 

1 . 07386 

. 4508349 

. 6358899 

1 . 57£748 

. 6954  087 

. 1877085 

. 3377446 

. 0 1 £ 1 9£ 

. 0139454 

1.18301 

. 48  0 1 3 05 

■ 6 1 8 f 8 8 8 

1 . 6£9£4£ 

. 733 1 833 

. 1870934 

.4198758 

0 1 7 0688 

. 0195835 

1.808395 

.515115 

.6174184 

1.61 9663 

. 7580468 

.8089547 

. 46  08883 

0£  0 0 1 5£ 

. 0££8937 

1.849117 

. 5318868 

.6189158 

1.615789 

. 7618409 

.8104961 

. 488 1843 

. 0££35£ 

. 0(1:55665 

1 . 888988 

.5461798 

.6190644 

1.615341 

.7716138 

.8168743 

.5034331 

0£5 095£ 

. 0887 04£ 

1.308096 

.5557044 

.6159769 

1 . 6£3437 

.7818469 

.8179944 

.5843777 

0 3 07848 

. 0358181 

1 . 339349 

.5738618 

.6184187 

1 . 63887 

.7973345 

.8884559 

.5593561 

0334£64 

. 0388336 

1.364067 

.5883157 

• 6 1 563  03 

1.684351 

.8009763 

.888193 

. 56 1’  8 1 4 3 

0387  096 

. 0448766 

1.39147 

. 5983603 

.6190788 

1.615319 

.8058898 

. £345666 

.5766515 
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Table  3 (continued)  Run  133 


. 044704 

. 0511331 

1.430694 

.6072596 

• 6227453 

1.605793 

.8133161 

.2431476 

. 3941 039 

0511 048 

. 0584544 

1.462738 

.6194145 

.6256371 

1 . 59832 

.8201823 

.2501942 

.6090327 

. 057912 

. 0662406 

1.485713 

.6279377 

.6280625 

1.592198 

.8247931 

.2554702 

.6190578 

0644 1 44 

. 0736781 

1.515252 

. 6383673 

.6321124 

1.581997 

.8295881 

.2628674 

. 6294832 

0719323 

. 0822777 

1.541294 

.6474262 

. 635852 

1.572693 

.8337064 

. 2695698 

.6384373 

. 078232 

. 0894829 

1.565442 

.6556715 

. 6395394 

1 . 563625 

.8373309 

. 2759883 

.6463179 

086 0552 

. 09843 1 1 

1.586407 

.6629687 

. 6424053 

1 . 55665 

.8409885 

.281418 

.6542705 

09 1 1 352 

. 1042417 

1.605698 

.6693903 

. 6455569 

1.54905 

. 8437385 

.2867748 

.6602497 

1 033352 

. 1137682 

1 . 64352 

. 68228  0 1 

.6510137 

1 . 536066 

. 85  0234 

.2969711 

. 6743724 

. 117856 

. 1348053 

1.63137 

. 6947033 

.6571946 

1.521619 

.8560012 

.3078182 

.6869118 

1304544 

. 1492156 

1.718926 
. 8628016 

.7072894 

. 6626525 

1.509087 

.3183297 

.7016975 

1 436624 

. 1643231 

1.746586 

.7184588 

.6630438 

1.508196 

. 8726834 

. 3237 176 

.7231828 

. 156972 

. 1795468 

1.782327 

. 7271 067 

.6741311 

1.483391 

.8717777 

. 3380569 

.7212137 

171 0944 

. 1957002 

1.8173 

.7381032 

.6801191 

1.470331 

. 8774  063 

. 3489693 

.7334515 

1827734 

.2090645 

1.848045 

.7474954 

. 6857626 

1.458231 

.8819965 

. 358994 

.7434319 

2 1 0 1 088 

.2403254 

1.912463 

.766939 

.6976381 

1.433408 

.89194 

. 38  05469 

.7650514 

2365243 

.2705404 

1.975747 

. 7859589 

.7089715 

1.41 0494 

.902627 

.4021371 

. 7882876 

26294 08 

.3007554 

2. 034824 

.8041891 

.7182957 

1.392184 

.9146181 

. 4218498 

.814359 

2907792 

. 3325973 

2. 095604 

.820901 

.7311435 

1 . 36772 

.9232249 

. 4454588 

.8330724 

3167388 

. 3623475 

2. 153622 

. 8383795 

.7403266 

1.350755 

.9357075 

.4659494 

.8602126 

67 
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Table  3 (continued)  Run  133 


j 


753364 

.8617083 

2.940169 

.9958667 

.9779307 

1.022567 

1.002825 

. 9526458 

1.006142 

73.3828 

.8954096 

2.957826 

. 9978474 

. 9857862 

1.014419 

1. 002427 

.9698322 

1.005276 

7 k 036 

.9105171 

2.965153 

. 9980608 

.9902531 

1.009843 

1. 001055 

.9787974 

1.002294 

800228 

. 9244625 

2.971003 

.998513 

.9932638 

1.006732 

1 . 000533 

.9351713 

1. 00116 

322452 

.9407321 

2.973924 

.999211 

. 9938277 

1.006211 

1.001221 

. 9869738 

1.002656 

. 33566 

. 9558396 

2. 976842 

.9992843 

. 9956328 

1.004386 

1 . 00066 

.9906167 

1.001434 

343868 

.9709471 

2.98267 

1.0  0 0336 

. 9974338 

1.002573 

1. 001356 

. 9952326 

1. 002948 

362  076 

.9860546 

2. 984125 

1 . 000525 

.9980315 

1.001972 

1 . 001381 

. 9966  077 

1.003003 
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TABLE  4 


SUMMARY  OF  INTEGRAL  PROPERTIES 
AND 

EDGE  CONDITIONS 
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33775 
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TABLE  6 

DERIVATIVES  FOR  SHEAR  STRESS  CALCULATIONS 
x = 38.79  inches 


^w/^oe 

d6 

dx 

6 dp0up 

6 dpeue 

1 dp 

Peue  dx 

PeueZ  dx 

peue^  dx 

.94 

.0169 

.00404 

.00328 

.00063 

.714 

.0136 

.00280 

.00235 

.000393 

.54 

.0184 

.00445 

.00409 

.000693 
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Schematic  of  flat  plate  underside  showing  coolings  and  location  of 
thermocouples  (Tl,  T2,...)  and  static  pressure  taps  (pi,  p2,...) 
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Figure  5.  Variation  of  hot  film  temperature  Tm*  held  just  above  plate  surface, 

as  a function  of  wall  temperature.  Calibration  of  Thf  is  approximate 
and  is  only  meant  to  indicate  smoothness  of  response  through  the  frost 
formation  stage. 


Figure  7.  Typical  pitot  pressure  measurements  showing  effect  of  probe  size 


adiabatic  wall  condition 


Figure  10.  Typical  recovery  temperature  profiles  for 
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Figure  26.  Typical  correlation  of  experimental  velocity  profile  in 
terms  of  the  Lav-of- the-Wake 


Figure  28.  Variation  of  skin  friction  cf,  based  on  Hopkins  and 
Inouye  correlation,  with  Re. 


- 


y/<5 


Figure  31.  Non-dimensional  normal  velocity  gradient  versus  y/6  for 

x = 35.05  cm  and  Tw/T  = .94 
w oe 


106 


12 


.04 


.06 


.08 


.12 


.14 


y/6 

Figure  34.  Non-dimensional  normal  total  temperature  gradient  in 
vicinity  of  wall  for  x = 42.52  cm  and  Tw/TQe  = .94 
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Figure  38.  Non-dimensional  normal  total  temperature  in  vicinity  of 
wall  for  x = 35.05  cm  and  = .54 
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Figure  42.  Shear  stress  distribution,  based  on  mean  flow  profiles  for 
Tw/T  e ■ .94,  x = 38.79  cm 


Figure  45.  Turbulent  shear  stress,  normalized  by  wall  shear,  versus  y/6 
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Figure  46.  Density  ratio,  p/p  , versus  y/6  for  x ■ 38.79  cm  showing 
effect  of  Tw/Toe 


121 


